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THE  INSTITUTION  OF  MECHANICAL  ENGINEERS. 


■emorantritm  ai  |.ssacmtton. 


August  1878. 

1st.  The  name   of    the   Association    is   "  The    Institution    of 
Mechanical  Enginbees." 

2nd.  The  Registered  Office  of  the  Association  will  be  situate  in 
England. 

3rd.  The  objects  for  which  the  Association  is  established  are : — 

(a.)  To  promote  the  science  and  practice  of  Mechanical 
Engineering  and  all  branches  of  mechanical  construction, 
and  to  give  an  impulse  to  inventions  Hkely  to  be  useful  to  the 
Members  of  the  Institution  and  to  the  community  at  large. 

(b.)  To  enable  Mechanical  Engineers  to  meet  and 
to  correspond,  and  to  facilitate  the  interchange  of  ideas 
respecting  improvements  in  the  various  branches  of 
mechanical  science,  and  the  publication  and  communication 
of  information  on  such  subjects. 

(c.)  To  acquire  and  dispose  of  property  for  the  purposes 
aforesaid. 

(p.)  To  do  all  other  things  incidental  or  conducive  to 
the  attainment  of  the  above  objects  or  any  of  them. 
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4th.  The  income  and  property  of  the  Association,  from  whatever 
source  derived,  shall  be  applied  solely  towards  the  promotion  of 
the  objects  of  the  Association  as  set  forth  in  this  Memorandum  of 
Association,  and  no  portion  thereof  shall  be  paid  or  transferred 
directly  or  indirectly,  by  way  of  dividend,  bonus,  or  otherwise 
howsoever,  by  way  of  profit  to  the  persons  who  at  any  time  are 
or  have  been  Members  of  the  Association,  or  to  any  of  them,  or 
to  any  person  claiming  through  any  of  them  :  Provided  that 
nothing  herein  contained  shall  prevent  the  payment  in  good  faith 
of  remuneration  to  any  officers  or  servants  of  the  Association,  or 
to  any  Member  of  the  Association,  or  other  person,  in  return  for 
any  services  rendered  to  the  Association,  or  prevent  the  giving  of 
privileges  to  the  Members  of  the  Association  in  attending  the 
meetings  of  the  Association,  or  prevent  the  borrowing  of  money 
(under  such  powers  as  the  Association  and  the  Council  thereof  may 
possess)  from  any  Member  of  the  Association,  at  a  rate  of  interest 
not  greater  than  five  per  cent,  per  annum. 

5th.  The  fourth  paragraph  of  this  Memorandum  is  a  condition 
on  which  a  licence  is  granted  by  the  Board  of  Trade  to  the 
Association  in  pursuance  of  Section  23  of  the  Companies  Act  1867. 
For  the  purpose  of  preventing  any  evasion  of  the  terms  of  the 
Baid  fourth  paragraph,  the  Board  of  Trade  may  from  time  to  time, 
on  the  application  of  any  Member  of  the  Association,  impose  further 
conditions,  which  shall  be  duly  observed  by  the  Association. 

6th.  If  the  Association  act  in  contravention  of  the  fourth 
paragraph  of  this  Memorandum,  or  of  any  such  further  conditions, 
the  liability  of  every  Member  of  the  Council  shall  be  unlimited  ; 
and  the  liability  of  every  Member  of  the  Association  who  has  received 
any  such  dividend,  bonus,  or  other  profit  as  aforesaid,  shall  likewise 
be  unlimited. 

7th.  Every  Member  of  the  Association  undertakes  to  contribute 
to  the  Assets  of  the  Association  in  the  event  of  the  same  being 
wound  up  during  the  time  that  he  is  a  Member,  or  within  one 
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year  afterwards,  for  payment  of  the  debts  and  liabilities  of  the 
Association  contracted  before  the  time  at  which  he  ceases  to  be 
a  Member,  and  of  the  costs,  charges,  and  expenses  for  winding  up 
the  same,  and  for  the  adjustment  of  the  rights  of  the  contributories 
amongst  themselves,  such  amount  as  may  be  required  not  exceeding 
Five  Shillings,  or  in  case  of  his  liability  becoming  unlimited  such 
other  amount  as  may  be  required  in  pursuance  of  the  last  preceding 
paragraph  of  this  Memorandum. 

8th.  If  upon  the  winding  up  or  dissolution  of  the  Association 
there  remains,  after  the  satisfaction  of  all  its  debts  and  liabilities, 
any  property  whatsoever,  the  same  shall  not  be  paid  to  or  distributed 
among  the  Members  of  the  Association,  but  shall  be  given  or 
transferred  to  some  other  Institution  or  Institutions  having  objects 
similar  to  the  objects  of  the  Association,  to  be  determined  by  the 
Members  of  the  Association  at  or  before  the  time  of  dissolution ;  or 
in  default  thereof,  by  such  Judge  of  the  High  Court  of  Justice  as  may 
have  or  acquire  jurisdiction  in  the  matter. 


ARTICLES   OF   ASSOCIATION.  1905. 


%xixdt5  at  gissotbtton. 

Februabt  1893. 
(Article  23  revised  March  1902.) 

INTRODUCTION. 

Whereas  an  Association  called  "  TLe  Institution  of  Mechanical 
Engineers"  existed  from  1847  to  1878  for  objects  similar  to  the 
objects  expressed  in  the  Memorandum  of  Association  of  the 
Association  (hereinafter  called  "  the  Institution ")  to  which  these 
Articles  apply ; 

And  whereas  the  Institution  was  formed  in  1878  for  furthering 
and  extending  the  objects  of  the  former  Institution,  by  a  registered 
Association,  under  the  Companies  Acts  1862  and  1867  ; 

And  whereas  terms  used  in  these  Articles  are  intended  to  have 
the  same  respective  meanings  as  they  have  when  used  in  those  Acts, 
and  words  implying  the  singular  number  are  intended  to  include 
the  plural  number,  and  vice  versa  ; 

Now  THEREFORE  IT  IS  HEREBY  AGREED  RS  folloWS  : — 

CONSTITUTION. 

1.  For  the  purpose  of  registration  the  number  of  members  of 
the  Institution  is  unlimited. 

MEMBEES,    ASSOCIATE    MEMBERS,    GRADUATES, 
ASSOCIATES,  AND  HONORARY  LIFE  MEMBERS. 

2.  The  present  Members  of  the  Institution,  and  such  other  persons 
as  shall  be  admitted  in  accordance  with  these  Articles,  and  none 
others,  shall  be  Members  of  the  Institution,  and  be  entered  on  the 
register  as  such. 
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3.  Any  person  may  become  a  Member  of  tbe  Institution  wbo 
sball  be  qualified  and  elected  as  hereinafter  mentioned,  and  shall 
agree  to  become  such  Member,  and  shall  pay  the  entrance  fee  and 
first  subscription  accordingly. 

4.  The  qualification  of  Members  shall  be  prescribed  by  the 
By-laws  from  time  to  time  in  force,  as  provided  by  the  Articles. 

6.  The  election  of  Members  shall  be  conducted  as  prescribed 
by  the  By-laws  from  time  to  time  in  force,  as  provided  by  the 
Articles. 

6.  In  addition  to  the  persons  already  admitted  as  Graduates, 
Associates,  and  Honorary  Life  Members  respectively,  the  Institution 
may  admit  such  persons  as  may  be  qualified  and  elected  in  that 
behalf  as  Associate  Members,  Graduates,  Associates,  and  Honorary 
Life  Members  respectively  of  the  Institution,  and  may  confer  upon 
them  such  privileges  as  shall  be  prescribed  by  the  By-laws  from 
time  to  time  in  force,  as  provided  by  the  Articles :  provided  that  no 
Associate  Member,  Graduate,  Associate,  or  Honorary  Life  Member 
shall  be  deemed  to  be  a  Member  within  the  meaning  of  the  Articles. 

7.  The  qualification  and  mode  of  election  of  Associate  Members, 
Graduates,  Associates,  and  Honorary  Life  Members  shall  be  prescribed 
by  the  By-laws  from  time  to  time  in  force,  as  provided  by  the 
Articles. 

8.  The  rights  and  privileges  of  every  Member,  Associate  Member, 
Graduate,  Associate,  or  Honorary  Life  Member  shall  be  personal  to 
himself,  and  shall  not  be  transferable  or  transmissible  by  his  own  act 
or  by  operation  of  law. 


ENTEANCE  FEES  AND  SUBSCKIPTIONS. 

9.  The  Entrance  Fees  and  Subscriptions  of  Members,  Associate 
Members,  Graduates,  and  Associates  shall  be  prescribed  by  the  By- 
laws from  time  to  time  in  force,  as  provided  by  the  Articles. 
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EXPULSION. 

10.  K  any  Member,  Associate  Member,  Graduate,  or  Associate 
shall  leave  his  subscription  in  arrear  for  two  years,  and  shall  fail  to 
pay  such  arrears  within  three  months  after  a  written  application  has 
been  sent  to  him  by  the  Secretary,  his  name  may  be  struck  off 
the  register  by  the  Council  at  any  time  afterwards,  and  he  shall 
thereupon  cease  to  have  any  rights  as  a  Member,  Associate  Member, 
Graduate,  or  Associate,  but  he  shall  nevertheless  continue  liable  to 
pay  the  arrears  of  subscription  due  at  the  time  of  his  name  being 
so  struck  off:  provided  always  that  this  regulation  shall  not  be 
construed  to  compel  the  Council  to  remove  any  name,  if  they  shall  be 
satisfied  the  same  ought  to  be  retained, 

11.  The  Council  may  refuse  to  continue  to  receive  the 
subscriptions  of  any  person  who  shall  have  wilfully  acted  in 
contravention  of  the  regulations  of  the  Institution,  or  who  shall 
in  the  opinion  of  the  Council  have  been  guilty  of  such  conduct 
as  shall  have  rendered  him  unfit  to  continue  to  belong  to  the 
Institution ;  and  may  remove  his  name  from  the  register,  and  he 
shall  thereupon  cease  to  be  a  Member,  Associate  Member,  Graduate, 
or  Associate  (as  the  case  may  be)  of  the  Institution. 


GENEEAL  MEETINGS. 

12.  The  General  Meetings  shall  consist  of  the  Ordinary  Meetings, 
the  Annual  General  Meeting,  and  of  Special  Meetings  as  hereinafter 
defined. 

13.  The  Annual  General  Meeting  shall  take  place  in  London  in  one 
of  the  first  four  months  of  every  year.  The  Ordinary  Meetings  shall 
take  place  at  such  times  and  places  as  the  Council  shall  determine. 

14.  A  Special  Meeting  may  be  convened  at  any  time  by  the 
Council,  and  shall  be  convened  by  them  whenever  a  requisition 
signed  by  twenty  Members  or  Associate  Members  of  the  Institution, 
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specifying  the  object  of  the  Meeting,  is  left  with  the  Secretary.  If 
for  fourteen  days  after  the  delivery  of  such  requisition  a  Meeting  be 
not  convened  in  accordance  therewith,  the  Eequisitionists  or  any 
twenty  Members  or  Associate  Members  of  the  Institution  may  convene 
a  Special  Meeting  in  accordance  with  the  requisition.  All  Special 
Meetings  shall  be  held  in  London. 

15.  Seven  clear  days'  notice  of  every  Meeting,  specifying  generally 
the  nature  of  any  special  business  to  be  transacted  at  any  Meeting, 
shall  be  given  to  every  person  on  the  register  of  the  Institution,  except 
as  provided  by  Article  35,  and  no  other  special  business  shall  be 
transacted  at  such  Meeting ;  but  the  non-receipt  of  such  notice  shall 
not  invalidate  the  proceedings  of  such  Meeting.  No  notice  of  the 
business  to  be  transacted  (other  than  such  ballot  lists  as  may  be 
requisite  in  case  of  elections)  shall  be  required  in  the  absence  of 
special  business. 

16.  Special  business  shall  include  all  business  for  transaction  at  a 
Special  Meeting,  and  all  business  for  transaction  at  every  other 
Meeting,  with  the  exception  of  the  reading  and  confirmation  of  the 
Minutes  of  the  previous  Meeting,  the  election  of  Members,  Associate 
Members,  Graduates,  and  Associates,  and  the  reading  and  discussion 
of  communications  as  prescribed  by  the  By-laws,  or  by  any  regulations 
of  the  CouncU  made  in  accordance  with  the  By-laws. 

PEOCEEDINGS  AT  GENEKAL  MEETINGS. 

17.  Twenty  Members  or  Associate  Members  shall  constitute  a 
quorum  for  the  purpose  of  a  Meeting  other  than  a  Special  Meeting. 
Thirty  Members  or  Associate  Members  shall  constitute  a  quorum  for 
the  purpose  of  a  Special  Meeting. 

18.  If  within  thirty  minutes  after  the  time  fixed  for  holding  the 
Meeting  a  quorum  is  not  present,  the  Meeting  shall  be  dissolved,  and 
all  matters  which  might,  if  a  quorum  had  been  present,  have  been 
done  at  a  Meeting  (other  than  a  Special  Meeting)  so  dissolved,  may 
forthwith  be  done  on  behalf  of  the  Meeting  by  the  Council. 
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19.  The  President  shall  be  Chairman  at  every  Meeting,  and  in 
his  absence  one  of  the  Vice-Presidents;  and  in  the  absence  of  all 
Vice-Presidents  a  Member  of  Council  shall  take  the  chair ;  and  if 
no  Member  of  Council  be  present  and  willing  to  take  the  chair,  the 
Meeting  shall  elect  a  Chairman. 

20.  The  decision  of  a  General  Meeting  shall  be  ascertained  by 
show  of  hands,  unless,  after  the  show  of  hands,  a  poll  is  forthwith 
demanded  ;  and  by  a  poll,  when  a  poll  is  thus  demanded.  The 
manner  of  taking  a  show  of  hands  or  a  poll  shall  be  in  the 
discretion  of  the  Chairman ;  and  an  entry  in  the  Minutes,  signed 
by  the  Chairman,  shall  be  sufficient  evidence  of  the  decision  of 
the  General  Meeting.  Each  Member  and  Associate  Member  shall 
have  one  vote  and  no  more.  In  case  of  eq[uality  of  votes  the 
Chairman  shall  have  a  second  or  casting  vote:  provided  that  this 
Article  shall  not  interfere  with  the  provisions  of  the  By-laws  as  to 
election  by  ballot. 

21.  The  acceptance  or  rejection  of  votes  by  the  Chairman  shall 
be  conclusive  for  the  purpose  of  the  decision  of  the  matter  in  respect 
of  which  the  votes  are  tendered :  provided  that  the  Chairman  may 
review  his  decision  at  the  same  Meeting,  if  any  error  be  then  pointed 
out  to  him. 


BY-LAWS. 

22.  The  By-laws  set  forth  in  the  schedule  to  these  Articles,  and 
such  altered  and  additional  By-laws  as  shall  be  substituted  or  added 
as  hereinafter  mentioned,  shall  regulate  all  matters  by  the  Articles 
left  to  be  prescribed  by  the  By-laws,  and  all  matters  which 
consistently  with  the  Articles  shall  be  made  the  subject  of  By-laws. 
Alterations  in,  and  additions  to,  the  By-laws,  may  be  made  only  by 
resolution  of  the  Members  and  Associate  Members  at  an  Annual 
General  Meeting,  after  notice  of  the  proposed  alteration  or  addition 
has  been  announced  at  the  previous  Ordinary  Meeting,  and  not 
otherwise. 
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COUNCIL. 

23.  The  Council  of  the  Institution  shall  be  chosen  from  the 
Members  onlyj"  and  shall  consist  of  one  President,  six  Vice- 
Presidents,  twenty-one  ordinary  Members  of  Council,  and  of  the  Past- 
Presidents.  The  President,  two  Vice-Presidents,  and  seven  Members 
of  Council  (other  than  Past-Presidents),  shall  retire  at  each  Annual 
General  Meeting,  but  shall  be  eligible  for  re-election.  The  Vice- 
Presidents  and  Members  of  Council  to  retire  each  year  shall, 
unless  the  Council  agree  otherwise  among  themselves,  be  chosen 
from  those  who  have  been  longest  in  office,  and  in  cases  of  equal 
seniority  shall  be  determined  by  ballot. 

24.  The  election  of  a  President,  Vice-Presidents,  and  Members 
of  Council,  to  supply  the  place  of  those  retiring  at  the  Annual 
General  Meeting,  shall  be  conducted  in  such  manner  as  shall  be 
prescribed  by  the  By-laws  from  time  to  time  in  force,  as  provided 
by  the  Articles. 

25.  The  Council  may  supply  any  casual  vacancy  in  the  Council 
(including  any  casual  vacancy  in  the  office  of  President)  which  shall 
occur  between  one  Annual  General  Meeting  and  another ;  and  the 
President,  Vice-Presidents,  or  Members  of  Council  so  appointed  by 
the  Council  shall  retire  at  the  succeeding  Annual  General  Meeting. 
Vacancies  not  filled  up  at  any  such  Meeting  shall  be  deemed  to  be 
casual  vacancies  within  the  meaning  of  this  Article. 


OFFICERS. 

26.  The  Treasurer,  Secretary,  and  other  employes  of  the 
Institution  shall  be  appointed  and  removed  in  the  manner  prescribed 
by  the  By-laws  from  time  to  time  in  force,  as  provided  by  the 
Articles.  Subject  to  the  express  provisions  of  the  By-laws,  the 
officers  and  servants  of  the  Institution  shall  be  appointed  and 
removed  by  the  Council. 


ABTIOLBS    OF    ASSOCIATION. 
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27.  The  powers  and  duties  of  the  officers  of  the  Institution  shall, 
subject  to  any  express  provision  in  the  By-laws,  be  determined  by 
the  Council. 

POWERS  AND  PROCEDURE  OF  COUNCIL. 

28.  The  Council  may  regulate  their  own  procedure,  and  delegate 
any  of  their  powers  and  discretions  to  any  one  or  more  of  their  body, 
and  may  determine  their  own  quorum :  if  no  other  number  is 
prescribed,  three  members  of  Council  shall  form  a  quorum. 

29.  The  Council  shall  manage  the  property,  proceedings,  and 
affairs  of  the  Institution,  in  accordance  with  the  By-laws  from  time 
to  time  in  force. 

30.  The  Treasurer  may,  with  the  consent  of  the  Council,  invest 
in  the  name  of  the  Institution  any  moneys  not  immediately  required 
for  the  purposes  of  the  Institution  in  or  upon  any  of  the  following 
investments  (that  is  to  say) : — 

(a)  The  Public  Funds,  or  Government  Stocks  of  the  United 

Kingdom,  or  of  any  Foreign  or  Colonial  Government 
guaranteed  by  the  Government  of  the  United  Kingdom. 

(b)  Real  or  Leasehold  Securities,  or  in  the  purchase  of  real 

or  leasehold  properties  in  Great  Britain  or  Ireland. 

(c)  Debentures,  Debenture  Stock,  or  Guaranteed  or  Preference 

Stock,  of  any  Company  incorporated  by  special  Act  of 
Parliament,  the  ordinary  Shareholders  whereof  shall  at 
the  time  of  such  investment  be  in  actual  receipt  of  half- 
yearly  or  yearly  dividends, 

(d)  Stocks,  Shares,  Debentures,  or  Debenture  Stock  of  any 
Railway,  Canal,  or  other  Company,  the  undertaking 
whereof  is  leased  to  any  Railway  Company  at  a  fixed 
or  fiied  minimum  rent. 
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(b)  Stocks,  Shares,  or  Debentures  of  any  East  Indian  Railway 
or  other  Company,  which  shall  receive  a  contribution 
from  His  Majesty's  East  Indian  Government  of  a  fixed 
annual  percentage  on  their  capital,  or  be  guaranteed  a 
fixed  annual  dividend  by  the  same  Government. 

(f)  The  security  of  rates  levied  by  any  corporate  body 
empowered  to  borrow  money  on  the  security  of  rates, 
where  such  borrowing  has  been  duly  authorised  by 
Act  of  Parliament. 

31.  The  Council  may,  with  the  authority  of  a  resolution  of  the 
Members  and  Associate  Members  in  General  Meeting,  borrow  moneys 
for  the  purposes  of  the  Institution  on  the  security  of  the  property  of 
the  Institution,  or  otherwise  at  their  discretion. 

32.  No  act  done  by  the  Council,  whether  ultra  vires  or  not, 
which  shall  receive  the  express  or  implied  sanction  of  the  Members 
and  Associate  Members  in  General  Meeting,  shall  be  afterwards 
impeached  by  any  member  of  the  Institution  on  any  ground 
whatsoever,  but  shall  be  deemed  to  be  an  act  of  the  Institution. 


NOTICES. 

33.  A  notice  may  be  served  by  the  Council  upon  any  Member, 
Associate  Member,  Graduate,  Associate,  or  Honorary  Life  Member, 
either  personally  or  by  sending  it  through  the  post  in  a  prepaid  letter 
addressed  to  him  at  his  registered  place  of  abode. 

34.  Any  notice,  if  served  by  post,  shall  be  deemed  to  have  been 
served  at  the  time  when  the  letter  containing  the  same  would  be 
delivered  in  the  ordinary  course  of  the  post;  and  in  proving  such 
service  it  shall  be  sufficient  to  prove  that  the  letter  containing  the 
notice  was  properly  addressed  ftnd  put  into  the  post  office. 

B   2 


XVUl  ARTICLES    OF    ASSOCIATION.  1905. 

35.  No  Member,  Associate  Member,  Graduate,  Associate,  or 
Honorary  Life  Member,  not  having  a  registered  address  within  the 
United  Kingdom,  shall  be  entitled  to  any  notice ;  and  all  proceedings 
may  be  had  and  taken  without  notice  to  such  member,  in  the  same 
manner  as  if  he  had  had  due  notice. 


1905.  XIX 

(Last  Revision,  February  1894.) 

MEMBEESHIP. 

1.  Candidates  for  admission  as  Members  must  be  persons  not 
under  twenty-five  years  of  age,  wbo,  having  occupied  during  a 
sufficient  period  a  responsible  position  in  connection  with  tbe  practice 
or  science  of  Engineering,  may  be  considered  by  tbe  Council  to  be 
qualified  for  election. 

2.  Candidates  for  admission  as  Associate  Members  must  be 
persons  not  under  twenty-five  years  of  age,  wbo,  being  engaged  in 
such  work  as  is  connected  with  tbe  practice  or  science  of  Engineering, 
may  be  considered  by  tbe  Council  to  be  qualified  for  election,  tbougb 
not  yet  to  occupy  positions  of  sufficient  responsibility,  or  otherwise 
not  yet  to  be  eligible,  for  admission  as  Members.  They  may 
afterwards  be  transferred  at  the  discretion  of  the  Council  to  the  class 
of  Members. 

3.  Candidates  for  admission  as  Graduates  must  be  persons 
holding  subordinate  situations,  and  not  under  eighteen  years  of  age. 
They  must  furnish  evidence  of  training  in  the  principles  as  well  as 
in  the  practice  of  Engineei-ing.  Before  attaining  the  age  of  twenty- 
six  years,  those  elected  after  1892  must  apply  for  election  as 
Members,  Associate  Members,  or  Associates,  if  they  desire  to  remain 
connected  with  the  Institution ;  they  may  not  continue  Graduates 
after  attaining  the  age  of  twenty-six. 

4.  Candidates  for  admission  as  Associates  must  be  persons  not 
under  twenty-five  years  of  age,  who  from  their  scientific  attainments 
or  position  in  society  may  be  considered  eligible  by  the  Council. 
They  may  afterwards  be  transferred  at  the  discretion  of  the  CouncO 
to  the  class  of  Associate  Members  or  of  Members. 

5.  The  Council  shall  have  the  power  to  nominate  as  Honorary 
Life  Members  persons  of  eminent  scientific  acquirements,  who  in 
their  opinion  are  eligible  for  that  position. 
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6.  The  Members,  Associate  Members,  Graduates,  Associates,  and 
Honorary  Life  Members  shall  have  notice  of  and  the  privilege  to 
attend  all  Meetings;  but  Members  and  Associate  Members  only 
shall  be  entitled  to  vote  thereat. 

7.  The  abbreviated  distinctive  Titles  for  indicating  the  connection 
with  the  Institution  of  Members,  Associate  Members,  Graduates, 
Associates,  or  Honorary  Life  Members  thereof,  shall  be  the 
following : — for  Members,  M.  I.  Mech.  E. ;  for  Associate  Members, 
A.  M.  I.  Mech.  E. ;  for  Graduates,  G.  I.  Mech.  E. ;  for  Associates, 
A.  I.  Mech.  E. ;  for  Honorary  Life  Members,  Hon.  M.  I.  Mech.  E. 

8.  Subject  to  such  regulations  as  the  Council  may  from  time  to 
time  prescribe,  any  Member,  Associate  Member,  or  Associate  may 
upon  application  to  the  Secretary  obtain  a  Certificate  of  his 
membership  or  other  connection  with  the  Institution.  Every  such 
certificate  shall  remain  the  property  of,  and  shall  on  demand  be 
returned  to,  the  Institution. 

ENTKANCE  FEES  AND  SUBSCRIPTIONS. 

9.  Each  Member  shall  pay  an  Annual  Subscription  of  £3,  and 
on  election  an  Entrance  Fee  of  £2. 

10.  Each  Associate  Member  shall  pay  an  Annual  Subscription  of 
£2  10«.,  and  on  election  an  Entrance  Fee  of  £1.  If  afterwards 
transferred  by  the  Council  to  the  class  of  Members,  he  shall  pay  on 
transference  10«.  additional  subscription  for  the  current  year,  and  £1 
additional  entrance  fee. 

11.  Each  Graduate  shall  pay  an  Annual  Subscription  of  £1  10«., 
but  no  Entrance  Fee.  Any  Graduate  elected  prior  to  1893,  if 
transferred  by  the  Council  to  the  class  of  Associate  Members,  shall 
pay  on  transference  £1  additional  subscription  for  the  current  year, 
but  no  additional  entrance  fee ;  if  transferred  direct  to  the  class  of 
Members,  he  shall  pay  on  transference  £1  10«.  additional  subscription 
for  the  current  year,  and  £1  additional  entrance  fee. 
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12.  Each  Associate  shall  pay  an  Annual  Suhscription  of  £2  10s., 
and  on  election  an  Entrance  Fee  of  £1.  If  afterwards  transferred 
by  the  Council  to  the  class  of  Associate  Members,  he  shall  pay  on 
transference  no  additional  subscription  or  entrance  fee.  If  transferred 
direct  to  the  class  of  Members,  he  shall  pay  on  transference  10s. 
additional  subscription  for  the  current  year,  and  £1  additional 
entrance  fee ;  except  Associates  elected  prior  to  1893,  who  shall  pay 
no  additional  entrance  fee  on  transference. 

13.  All  subscriptions  shall  be  payable  in  advance,  and  shall 
become  due  on  the  1st  day  of  January  in  each  year ;  and  the  first 
subscription  of  Members,  Associate  Members,  Graduates,  and 
Associates,  shall  date  from  the  1st  day  of  January  in  the  year  of 
their  election. 

14.  In  the  case  of  Members,  Associate  Members,  Graduates,  or 
Associates,  elected  in  the  last  three  months  of  any  year,  the  first 
subscription  shall  cover  both  the  year  of  election  and  the  succeeding 
year. 

15.  Any  Member,  Associate  Member,  or  Associate,  whose 
subscription  is  not  in  arrear,  may  at  any  time  compound  for  his 
subscription  for  the  current  and  all  future  years  by  the  payment  of 
rifty  Pounds,  if  paid  in  any  one  of  the  first  five  years  of  his 
membership.  If  paid  subsequently,  the  sum  of  Fifty  Pounds  shall 
be  reduced  by  One  Pound  per  annum  for  every  year  of  membership 
after  five  years.  All  compositions  shall  be  deemed  to  be  capital 
moneys  of  the  Institution. 

16.  The  Council  may  at  their  discretion  reduce  or  remit  the 
annual  subscription,  or  the  arrears  of  annual  subscription,  of  any 
Member  or  Associate  Member  who  shall  have  been  a  subscribing 
member  of  the  Institution  for  twenty  years,  and  shall  have  become 
unable  to  continue  the  annual  subscription  provided  by  these 
By-laws. 

17.  No  Proceedings  or  Ballot  Lists  or  Certificates  shall  be  sent  to 
Members,  Associate  Members,  Graduates,  or  Associates,  who  are  in 
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arrear  with  their  subscriptions  more  than  twelve  months,  and  whose 
subscriptions  have  not  been  remitted  by  the  Council  as  hereinbefore 
provided. 

ELECTION  OF  MEMBEES,  ASSOCIATE  MEMBEES, 
GEADUATES,  AND  ASSOCIATES. 

18.  A  recommendation  for  admission  according  to  Form  A  or  B 
in  the  Appendix  shall  be  forwarded  to  the  Secretary,  and  by  him  be 
laid  before  the  next  Meeting  of  the  Council.  The  recommendation 
must  be  signed  by  not  less  than  five  Members  or  Associate  Members 
if  the  application  be  for  admission  as  a  Member  or  Associate  Member 
or  Associate,  and  by  three  Members  or  Associate  Members  if  it  be 
for  a  Graduate. 

19.  All  elections  shall  take  place  by  ballot,  four-fifths  of  the 
votes  given  being  necessary  for  election. 

20.  All  applications  for  admission  shall  be  communicated  by 
the  Secretary  to  the  Council  for  their  approval  previous  to  being 
inserted  in  the  ballot  list  for  election,  and  the  approved  ballot  list 
shall  be  signed  by  the  President  and  forwarded  to  the  Members 
and  Associate  Members.  The  name  of  any  Candidate  approved  by 
the  Council  for  admission  as  an  Associate  Member  or  an  Associate 
shall  not  be  inserted  in  the  ballot  list  until  he  has  signed  the  Form  C 
in  the  Appendix.  The  ballot  list  shall  specify  the  name, 
occupation,  and  address  of  the  Candidates,  and  also  by  whom 
proposed  and  seconded.  The  lists  shall  be  opened  only  in  the 
presence  of  the  Coimcil  on  the  day  of  election,  by  a  Committee  to  be 
appointed  for  that  purpose. 

21.  The  Elections  shall  take  place  at  the  General  Meetings  only. 

22.  When  the  proposed  Candidate  is  elected,  the  Secretary  shall 
give  him  notice  thereof  according  to  Form  D ;  but  his  name  shall 
not  be  added  to  the  register  of  the  Institution  until  he  shall  have 
paid  his  Entrance  Fee  and  first  Annual  Subscription,  and  signed  the 
Form  E  in  the  Appendix. 
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23.  Id  case  of  non-election,  no  mention  thereof  shall  be  made  in 
the  Minutes,  nor  any  notice  given  to  the  unsuccessful  Candidate. 

24.  An  Associate  Member  desirous  of  being  transferred  to  the 
class  of  Members,  or  an  Associate  to  the  class  of  Associate  Members 
or  of  Members,  shall  forward  to  the  Secretary  a  recommendation 
according  to  Form  F  in  the  Appendix,  signed  by  not  less  than  five 
Members  or  Associate  Members,  which  shall  be  laid  before  the  next 
meeting  of  Council  for  their  approval.  On  their  approval  being 
given,  the  Secretary  shall  notify  the  same  to  the  Candidate  according 
to  Form  G  ;  but  his  name  shall  not  be  added  to  the  list  of  Members 
or  Associate  Members  until  he  shall  have  signed  the  Form  H,  and 
shall  have  paid  the  additional  entrance  fee  (if  any),  and  the  additional 
subscription  (if  any)  for  the  current  year. 


ELECTION  OF  PEESIDENT,  VICE-PEESIDENTS, 
AND  MEMBEES  OF  COUNCIL. 

25.  Candidates  shall  be  put  in  nomination  at  the  General 
Meeting  preceding  the  Annual  General  Meeting,  when  the  Council 
are  to  present  a  list  of  their  retiring  Members  who  offer  themselves 
for  re-election ;  any  Member  or  Associate  Member  shall  then  be 
entitled  to  add  to  the  list  of  Candidates.  The  ballot  list  of  the 
proposed  names  shall  be  forwarded  to  the  Members  and  Associate 
Members.  The  ballot  lists  shall  be  opened  only  in  the  presence  of 
the  Council  on  the  day  of  election,  by  a  Committee  to  be  appointed 
for  that  purpose. 


APPOINTMENT  AND  DUTIES  OF  OFFICEES. 

26.  The  Treasurer  shall  be  a  Banker,  and  shall  hold  the 
uninvested  funds  of  the  Institution,  except  the  moneys  in  the  hands 
of  the  Secretary  for  current  expenses.  He  shall  be  appointed  by 
the  Members  and  Associate  Members  at  a  General  or  Special  Meeting, 
and  shall  hold  office  at  the  pleasure  of  the  Council. 
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27.  The  Secretary  of  the  Institution  shall  be  appointed,  as  and 
when  a  vacancy  occurs,  by  the  Members  and  Associate  Members 
at  a  General  or  Special  Meeting,  and  shall  be  removable  by  the 
Council  upon  six  months'  notice  from  any  day.  The  Secretary 
shall  give  the  same  notice.  The  Secretary  shall  devote  the  whole 
of  his  time  to  the  work  of  the  Institution,  and  shall  not  engage  in 
any  other  business  or  profession. 

28.  It  shall  be  the  duty  of  the  Secretary,  under  the  direction 
of  the  Council,  to  conduct  the  correspondence  of  the  Institution  ; 
to  attend  all  meetings  of  the  Institution,  and  of  the  Coimcil,  and  of 
Committees ;  to  take  minutes  of  the  proceedings  of  such  meetings ; 
to  read  the  minutes  of  the  preceding  meetings,  and  all  communications 
that  he  may  bo  ordered  to  read ;  to  superintend  the  publication  of 
such  papers  as  the  Council  may  direct ;  to  have  the  charge  of  the 
library;  to  direct  the  collection  of  the  subscriptions,  and  the 
preparation  of  the  account  of  expenditure  of  the  funds;  and  to 
present  all  accounts  to  the  Council  for  inspection  and  approval.  He 
shall  also  engage  (subject  to  the  approval  of  the  Council)  and  be 
responsible  for  all  persons  employed  under  him,  and  set  them  their 
portions  of  work  and  duties.  He  shall  conduct  the  ordinary  business 
of  the  Institution,  in  accordance  with  the  Articles  and  By-laws  and 
the  directions  of  the  President  and  Council ;  and  shall  refer  to  the 
President  in  any  matters  of  difficulty  or  importance,  requiring 
immediate  decision. 


MISCELLANEOUS. 

29.  All  Papers  shall  be  submitted  to  the  Coimcil  for  approval, 
and  after  their  approval  shall  be  read  by  the  Secretary  at  the 
General  Meetings,  or  by  the  Author  vnih  the  consent  of  the 
Council ;  or,  if  so  directed  by  the  Council,  shall  be  printed  in  the 
Proceedings  without  having  been  read  at  a  General  Meeting. 

30.  All  books,  drawings,  communications,  &c.,  shall  be  accessible 
to  the  members  of  the  Institution  at  all  reasonable  times. 
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31.  All  communications  to  the  Meetings  shall  be  the  property 
of  the  Institution,  and  be  published  only  by  the  authority  of  the 
Council. 

32.  None  of  the  property  of  the  Institution — books,  drawings, 
&c. — shall  be  taken  out  of  the  premises  of  the  Institution  without 
the  consent  of  the  Council. 

33.  All  donations  to  the  Institution  shall  be  enumerated  in  the 
Annual  Keport  of  the  Council  presented  to  the  Annual  General 
Meeting. 

34.  The  General  Meetings  shall  be  conducted  as  far  as 
practicable  in  the  following  order: — 

1st.  The  Chair  to  be  taken  at  such  hour  as  the  Council 
may  dii'ect  from  time  to  time. 

2nd.  The  Minutes  of  the  previous  Meeting  to  be  read  by 
the  Secretary,  and,  after  being  approved  as  correct,  to 
be  signed  by  the  Chairman. 

3rd.  The  Ballot  Lists,  previously  opened  by  the  Council, 
to  be  presented  to  the  Meeting,  and  the  new  Members, 
Associate  Members,  Graduates,  and  Associates  elected 
to  be  announced, 

4th.  Papers  approved  by  the  Council  to  be  read  by  the 
Secretary,  or  by  the  Author  with  the  consent  of  the 
Council. 

35.  Each  Member  or  Associate  Member  shall  have  the  privilege 
of  introducing  one  friend  to  any  of  the  Meetings ;  but,  during  such 
portion  of  any  meeting  as  may  be  devoted  to  any  business  connected 
with  the  management  of  the  Institution,  visitors  shall  be  requested 
by  the  Chairman  to  withdraw,  if  any  Member  or  Associate  Member 
asks  that  this  shall  be  done. 
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36.  Every  Member,  Associate  Member,  Graduate,  Associate,  or 
Visitor,  shall  write  his  name  and  residence  in  a  book  to  be  kept 
for  the  purpose,  on  entering  each  Meeting. 

37.  The  President  shall  ex  officio  be  member  of  all  Committees 
of  Council. 

38.  Seven  clear  days'  notice  at  least  shall  be  given  of  every 
meeting  of  the  Coimcil.  Such  notice  shall  specify  generally  the 
business  to  be  transacted  by  the  meeting.  No  business  involving 
the  expenditure  of  the  funds  of  the  Institution  (except  by  way  of 
payment  of  current  salaries  and  accounts)  shall  be  transacted  at 
any  Council  meetiag  unless  specified  in  the  notice  convening  the 
meeting. 

39.  The  Coimcil  shall  present  the  yearly  accounts  to  the  Annual 
General  Meeting,  after  being  audited  by  a  professional  accountant, 
who  shall  be  appointed  annually  by  the  Members  and  Associate 
Members  at  a  General  or  a  Special  Meeting,  at  a  remuneration  to  be 
then  fixed  by  the  Members  and  Associate  Members. 

40.  Any  member  wishing  to  have  a  copy  of  the  Papers  sent  to 
him  for  consideration  beforehand  can  do  so  by  sending  in  his  name 
once  in  each  year  to  the  Secretary ;  and  a  copy  of  all  Papers  shall 
then  be  forwarded  to  him  as  early  as  possible  prior  to  the  date  of  the 
Meeting  at  which  they  are  intended  to  be  read. 

41.  At  any  Meeting  of  the  Institution  any  member  shall  be  at 
liberty  to  re-open  the  discussion  upon  any  Paper  which  has  been 
read  or  discussed  at  the  preceding  Meeting ;  provided  that  he 
signifies  his  intention  to  the  Secretary  at  least  one  month  previously 
to  the  Meeting,  and  that  the  Council  decide  to  include  it  in  the 
notice  of  the  Meeting  as  part  of  the  business  to  be  transacted. 
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APPENDIX. 


FOEM  A. 

Mr.  being  years  of  age,  and  desirous  of  admission 

into  The  Institution  of  Mechanical  Engineers,  we,  the  undersigned  proposer 
and  seconder  from  our  personal  knowledge,  and  the  three  other  signers  from 
trustworthy  information,  propose  and  recommend  him  as  a  proper  person  to 
belong  to  the  Institution. 

Witness  our  hands,  this  day  of 

Members  or  Associate  Members. 

FOEM  B. 

Mr.  born  on  being  desirous 

of   admission   into    The    Institution    of    Mechanical    Engineers,   we,    the 
undersigned   proposer  and    seconder    from    our    personal    knowledge     and 
the   other  signer  or   signers    from   trustworthy   information,   propose   and 
recommend  him  as  a  proper  person  to  become  a  Graduate  thereof. 
Witness  our  hands,  this  day  of 

Members  or  Associate  Members. 

FOEM  C. 

If  elected  an  of  The  Institution  of  Mechanical  En<yineers, 

I,  the  undersigned,  do  hereby  engage  to  ratify  my  election  by  signino-  the 
form  of  agreement  (E)  and  paying  the  Entrance  Fee  and  Annual  Subscription 
in  conformity  with  the  By-laws. 

Witness  my  hand,  this  day  of 


FOEM  D. 

Sir, — I  have  to  inform  you  that  on  the  yoy 

were  elected  a  of  The  Institution  of  Mechanical  Engineers. 

For  the  ratification  of  your  election  in  conformity  with  the  rules  it  is 
requisite  that  the  enclosed  form  be  returned  to  me  with  your  signature  and 
that  your  Entrance  Fee  and  first  Annual  Subscription  be  paid,  the  amounts 
of  which  are  and  respectively.     If  these  be  not  received 

within  two  months  from  the  present  date,  the  election  wiU  become  void. 
I  am,  Sir,  Your  obedient  servant. 

Secretary. 
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FORM  E, 

I,  the  undersigned,  being  elected  a  of  The 

Institution  of  Mechanical  Engineers,  do  hereby  agree  that  I  will  be  governed 
by  the  regulations  of  the  said  Institution,  as  they  are  now  formed  or  as 
they  may  hereafter  be  altered;  that  I  will  advance  the  objects  of  the 
Institution  as  far  as  shall  be  in  my  power,  and  will  attend  the  Meetings 
thereof  as  often  as  I  conveniently  can :  provided  that,  whenever  I  shall 
signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdra-wing  from 
the  Institution,  I  shall  (after  the  payment  of  any  arrears  which  may  be  due 
by  me  at  that  period)  be  free  from  this  obligation. 

Witness  my  hand,  this  day  of 

FOEM  F. 

Mr.  being  years  of  age,  and  desirous  of  being 

transferred  into  the  class  of  of  The  Institution  of 

Mechanical   Engineers,  we,  the  undersigned,  from   our  personal  knowledge 
recommend  him  as  a  proper  person  to  be  so  transferred  by  the  Council. 
Witness  our  hands,  this  day  of 

Members  or  Associate  Members. 

FORM  G. 

Sir, — I  have  to  inform  you  that  the  Council  have  approved  of  your  being 
transferred  to  the  class  of  of  The  Institution  of  Mechanical 

Engineers,     For  the  ratification  of  your  transference  in  conformity  with  the 
rules,  it  is  requisite   that  the  enclosed  form  be  returned  to  me  with  your 
signature,  and  that  your  additional  Entrance  Fee  and   additional  Annual 
Subscription  for  the  current  year  be  paid,  the  amounts  of  which  are 
and  respectively.     If  these  be  not  received  within  two  months 

from  the  present  date,  the  transference  will  become  void. 

I  am.  Sir,  Your  obedient  servant. 

Secretary. 
FOEM  H. 

I,  the  undersigned,  having  been  transferred  to  the  class  of  of  The 

Institution  of  Mechanical  Engineers,  do  hereby  agree  that  I  will  be  governed 
by  the  regulations  of  the  said  Institution,  as  they  now  exist,  or  as  they 
may  hereafter  be  altered ;  that  I  will  advance  the  objects  of  the  Institution 
as  far  as  shall  be  in  my  power,  and  will  attend  the  Meetings  thereof  as  often 
as  I  conveniently  can :  provided  that,  whenever  I  shall  signify  in  writing  to 
the  Secretary  that  I  am  desirous  of  withdrawing  from  the  Institution,  I  shall 
(after  the  payment  of  any  arrears  which  may  be  due  by  me  at  that  period) 
be  free  from  this  obligation. 

Witness  my  hand,  this  day  of 


6-H 


PRESIDENT,     1860. 
I  Deceased     iSSd.J 
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£Ije  Institutioit  of  ^lecljanical  (gngiitctn. 


PROCEEDINGS. 


Jaxttaet  1905. 


An  Ordinary  Ge.veral  Meeting  was  held  at  the  Institution  on 
Friday,  20th  January  1905,  at  Eight  o'clock  p.m.;  J.  Hartley 
WicKSTEED,  Esq.,  President,  in  the  chair. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

The  President  announced  that,  in  accordance  with  the  Eules  of 
the  Institution,  the  President,  two  Vice-Presidents,  and  seven 
Members  of  Council,  would  retire  at  the  ensuing  Annual  General 
Meeting  ;  and  the  list  of  those  retiring  was  as  follows  : — 


PBESrOENT. 


J.  Hartley  Wicksteed, 


Leeds 


Arthur  Keen,    . 
Edward  P.  Martin, 


vice-presidents. 


Birmingham. 
Abergavenny. 


members  of  council. 
Henry  Davey,   ..... 
William  Dean,  ..... 
H.  Graham  Harris,    .... 
Sir  "William  T.  Lewis,  Bart., 
The  Eight  Hon.  William  J.  Pirrie,  LL.D., 
Sir  Thomas  Eiohardson, 
Mark  Eobinson,  .... 


London. 

Folkestone. 

London. 

Aberdare. 

Belfast. 

Hartlepool. 

Eugby. 
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Of  these,  the  following  had  offered  themselves  for  re-election,  and 
had  been  nominated  by  the  Council : — 


Arthur  Keen,  . 


VICE-PRESIDENT. 


Birmingham. 


members  of  council. 
Henry  Da  vet,   ..... 
William  Dean,  ..... 
H.  Graham  Harris,    .... 
The  Right  Hon.  William  J.  Pirrie,  LL.D., 
Sir  Thomas  Eichardson, 
Mark  Eobinson,  .... 


London. 

Folkestone. 

London. 

Belfast. 

Hartlepool. 

Rugby. 


The  following  Nominations  had  also  been  made  by  the  Council 
for  the  election  at  the  Annual  General  Meeting  : — 


president. 


Edward  P.  Martin,    . 


VICE-PBESIDENT. 

Sir  William  T.  Lewis,  Bart., 


Abergavenny, 


Aberdare. 


Election  as 
Members. 
1894.  George  J.  Churchward, 

1898.  Hay  F.  Donaldson, 

1887.  J.  RossiTER  Hoyle, 

1888.  James  Rowan, 


members  of  council. 


Swindon. 
Woolwich. 
Sheffield. 
Glasgow. 


All  of  the  above  had  consented  to  the  Nomination. 


The  President  reminded  the  Meeting  that,  according  to  the 
Rules  of  the  Institution,  any  Member  or  Associate  Member  was  then 
entitled  to  add  to  the  list  of  candidates. 

No  other  names  being  added,  the  President  announced  that  the 
foregoing  names  would  accordingly  constitute  the  nomination  list  for 
the  Election  of  Officers  at  the  Annual  General  Meeting. 


Jan.  1905. 


ELECTION    OF    NEW    3IEMBERS. 


The  Pbesident  announced  that  the  Ballot  Lists  for  the  election  of 
New  Members  had  been  opened  by  a  Committee  of  the  Council,  and 
that  the  following  fifty-four  candidates  were  found  to  be  duly 
elected : — 


MEMBERS. 

Anstey,  Heney  Charles,  Eng.-Lient.  PuX. 
Blaket,  Eobert  Cope,  .  .  .  , 

Lawrence,  Maximilian  Eobert, 
Money-Kent,  Julian  Money  Vernon, 
Richardson,  Charles  Ernest, 


Grantham. 
Vienna. 
Crayford. 
London. 
Wellington,  N.Z. 


ASSOCIATE    members, 

Allen,  Thomas  Feaenley, 
Atkinson,  Cyril  Joseph, 
Bennett,  Alfred  Temple, 
Botjlton,  Charles  Valentine, 
Clacher,  Thomas, 
CooKSLEY,  Alfred, 
CowLRicK,  Francis  German,   . 
Dell,  Francis  Albert  Bleckly, 
English,  Eobert, 
Fletcher,  Frank  Purser, 
Gray,  James, 

Green,  Frederick  "Walton,    . 
Hamblin,  Henry  Joel,  . 
Harrison,  Eichaed, 
HoLLiDAY,  Charles  Edward,  . 
Holroyde,  George  Ernest,     . 
HuDLASS,  Felix  William  Isherwood, 
Hunter,  John  William, 
Ince,  Egbert  Self, 
Malcolm,  George  William,    . 
May,  Horace  Nunn, 
Porter,  Ealph  Classon, 
Reid,  John  Alexander, 
Eobertson,  William  Dunlop, 


Buenos  Aires. 

Manchester. 

London. 

London. 

London. 

London. 

London. 

Croydon. 

Christchurch,  N.Z. 

Woolwich. 

Bristol. 

Wolverhampton. 

Bath. 

Hull. 

Manchester. 

Brisbane. 

London. 

London. 

London. 

Mauritius. 

Rugby. 

Birmingham. 

London. 

Dublin. 
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EoBENSON,  Isaac  Vincent, 
Setmoub,  John  Heney,  . 
Shoethotise,  Benjamin,  . 
Spicee,  Feederick  Lemuel, 
Stotesbtjbt,  Richaed  Heney, 
Sutton,  Mabk, 
Talbot,  Eenest,   . 
Tayloe,  Charles  Albert, 
Tayloe,  Wilfeid, 
Toms,  Eobeet, 
TuENEE,  Eustace  Hoopee, 
YiCKEES,  Ernest  John,  . 
Wood,  Harey  Heebert  Elliott, 


Glasgow. 

Newport,  I.W. 

London. 

Rugby. 

Stonehouse,  Glos. 

Eio  de  Janeiro. 

Mansfield. 

London. 

HuU. 

Exeter. 

London. 

London. 

London. 


graduates. 

Aemsteong,  Andrew  Eobert  Baeey, 

Chuech,  Herbert  John, 

Edwaeds,  Cecil  Cleeve, 

Hillhouse,  John  Paton, 

JoPLiNG,  Arthur,  . 

Manfield,  Walter  Guy, 

McDonald,  Neil, 

Noeeish,  Hugh  Eopeb  Baeeett, 

Stern,  Sydney  Leonard, 

Tunbeidge,  Edwaed  William, 

Wilman,  Edgae  Arthur, 

Yates,  Eeginald  Cholmeley  Campbell, 


Dublin. 

Bristol. 

Port  Elizabeth. 

Birmingham. 

Blaydon-on-Tyne. 

Weymouth. 

Cardifi". 

London. 

London. 

Birmingham. 

Bradford. 

Manchester. 


The  President  announced  that  the  following  three  Transferences 
had  been  made  by  the  Council  since  the  last  Meeting : — 

Associate  Members  to  Members. 

Atheeton,  Williaji  Heney,       ....     London. 

Carnegie,  William,  ......     Woolwich. 

SiERi,  Lieut-Commander  M.,       ....     Constantinople. 
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The  four  following   Papers   were    read    and    partly   discussed 
jointly : — 

"  Some  Impressions  of  American  Workshops  "  ;  by  Mr.  A.  J. 

GiMsoN,  Member,  of  Leicester. 
"  Waterworks  Pumping  Engines  in  the   United   States   and 

Canada  "  ;  by  Mr.  John  Bakr,  Associate,  of  Kilmarnock. 
"  Some  features  in  the  Design  and  Construction  of  American 

Planing  Machines "  ;  by  Mr.  Archibald  Keneick,  Jux., 

Associate  Member,  of  Tunbridge  Wells. 
"Engines    at    the    Power-stations,   and    at    the   St.    Louis 

Exhibition  "  ;     by    Mr.     Alfred     Saxon,    Member,    of 

Manchester. 


The  Meeting   terminated   at   a   Quarter   to   Ten   o'clock.      The 
attendance  was  208  Members  and  79  Visitors. 


Jax.  1905. 


SOME  IMPRESSIONS  OF  AMERICAN  WORKSHOPS. 


By  i\lR.  A.  J.  GIMSON,  Member,  OF  Leicester. 


Wlien  in  America  the  author  visited  sixteen  Engineering 
"Workshops  situated  in  cities  far  distant  from  one  another,  and 
comprising  works  for  the  manufacture  of  steam-engines,  pumping 
machinery,  shafting  and  pulleys,  machine  tools,  elevators,  and  valves. 
Any  ideas  that  may  be  here  set  down  are  of  a  very  general  character, 
for  it  was  not  the  author's  intention  to  inspect  or  investigate  any 
special  class  of  work.  The  works  visited  ranged  from  factories  at 
least  two  generations  old,  where  generally  a  considerable  variety  of 
work  was  undertaken,  to  modern  workshops  of  only  a  few  years' 
growth,  where  a  special  class  of  machine  was  alone  manufactured. 
The  very  best  of  these  workshops,  with  possibly  one  exception,  could 
be  matched  in  equipment  and  in  general  methods  of  carrying  out 
work  by  single  works  in  this  country.  Some  of  them  were  in  no 
way  in  advance  of  ordinary  practice  here.  In  general,  however,  the 
organization  of  an  engineer's  workshop  in  America  struck  the  author 
•as  superior  to  that  in  similar  works  in  England,  whilst  in  some  the 
organization  was  in  every  detail  admirably  thought  out  and 
administered.  In  a  modern  business  an  American  begins  to  make 
one  particular  machine  or  particular  kind  of  machine.  His  whole 
energy   is,   in   the   first   instance,   concentrated   upon   making  this 
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machine  superior  to  anything  at  the  time  upon  the  market.  More 
than  with  us,  he  thinks  that  natural  ability  is  aided  by  the  best 
scientific  knowledge  in  the  design  of  the  machine  to  be  produced. 

A  feature  of  the  engineering  industry  that  impressed  the  aiithor 
was  the  close  intercommunication  of  Technical  Institutes  and 
manufacturing  workshops,  of  professors  and  manufacturers,  and  the 
presence,  in  minor  positions  of  authority,  of  young  men  who  had 
passed  through  a  complete  course  of  technical  instruction.  The 
American  employer  gives  one  the  impression  of  being  a  firm  believer 
in  the  merit  of  the  machine  he  is  manufacturing.  Doubt  is 
eliminated  from  his  mind,  and  he  can  enter  whole-heartedly  into  the 
processes  of  manufacturing  his  particular  article  without  a  fear  that 
it  may  not  meet  the  needs  of  his  customer.  His  confidence  is  based 
on  a  very  complete  knowledge  of  his  subject,  and  not  upon  an  over- 
exalted  belief  in  liis  own  special  ability.  "When  the  actual  making 
of  the  machine  designed  comes  to  be  undertaken,  it  is  essential  that 
accuracy  and  economy  of  production  shall  be  attained.  Methods 
were  observed  for  obtaining  accurate  machine  work,  and  methods 
of  testing  the  accuracy  of  machines  as  they  were  being  put  together, 
which  were  admirable  in  their  approach  towards  perfection.  No 
detail  is  too  trivial  to  be  well  thought  out,  and  the  tests  are  such 
that  their  object  is  attained  without  needing  any  considerable 
expenditure  of  time  on  the  part  of  the  workman.  Although  he  did 
not  remember  having  seen  any  workmen  exerting  themselves  more 
than  is  usual  in  shops  here,  the  author  is  convinced  that  more  work 
is  obtained  from  them  by  the  close  study  of  economies  by  the  stafi"  in 
the  drawing  and  allied  offices. 

An  American  employer  will  see  that  his  workmen  have  no  reason 
to  use  their  time  for  any  purpose  in  which  they  are  not  skilled. 
His  foremen  will  do  no  clerk's  work.  His  machine  men  will  not  be 
grinders  of  tools  nor  designers  and  constructors  of  methods  for 
holding  and  machining  the  work.  A  machine  minder's  business  is  to 
keep  his  machine  moving  and  his  tools  cutting  every  minute  cf  the 
day  that  is  possible.  It  is  relegated  to  others  to  design,  to  grind, 
to  fetch  and  carry  his  tools,  to  prepare  chucks,  jigs  and  everything 
requisite,  so  that  they  may  be  ready  to  the  workman's  hand  at  the 
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time  they  are  wanted ;  and  to  liis  foreman  is  relegated  the  chief 
duty  of  seeing  that  the  work  is  quickly  and  correctly  done.  It 
would  be  instructive  to  some  here  to  know  what  proportion  of  the 
time  of  a  factory's  running  is  used  by  any  given  machine  in  actually 
performing  the  work  it  is  designed  to  do.  The  author  has  seen  a 
Works  where  every  separate  job  for  every  machine  is  ordered  and 
arranged  from  the  office  staff,  where  every  detail  in  the  process  of 
its  machining  is  settled,  and  the  number  of  minutes  each  process 
must  occupy  is  displayed  before  the  article  reaches  the  workman's 
hands.  In  such  a  Works  a  liberal  bonus  is  paid  for  a  saving  in  time, 
and  rigorous  methods  are  in  force  against  those  who  fail  to  carry  out 
the  work  in  the  stipulated  time.  Such  methods  may  appear  harsh,  but 
he  believes  that  in  practice  they  are  not  so,  for  they  are  the  result 
of  accurate  experience  gained  by  an  expert  staff,  and  they  recognize 
the  enormous  difference,  in  industry  and  ability,  that  there  is  between 
different  workmen.  The  able  man  is  allowed  full  play  for  his  ability, 
and  is  rewarded  by  a  very  great  increase  in  money  earned  over  his  slower 
or  less  industrious  neighbour.  In  the  same  way,  by  card  index  processes, 
by  clocks  with  dials  divided  into  tenths  and  hundredths,  are  minutes 
saved  which  a  workman  uses  in  calculating  his  time,  and  which  a 
clerk  wastes  in  complicated  addition  and  multiplication  of  figures. 
Persistent  energy  and  patience  have  achieved  remarkable  results  in 
the  organization  of  cheap  production  in  some  of  these  workshops. 
This,  the  author  thinks,  is  the  chief  difference,  stated  in  general 
terms,  between  English  and  American  workshop  practice.  In  this 
country  they  are  somewhat  wasteful  of  the  workmen's  time ;  in 
America  they  are  careful  of  it  to  a  remarkable  extent.  It  follows 
that  if  American  engineers  shall  compete  successfully  against  English 
engineers,  it  will  be,  in  his  opinion,  because  the  organizers  of  their 
businesses  know  their  work,  and  carry  it  out  better  than  do  the 
organizers  of  businesses  here.  Their  workmen  are  in  no  way 
superior,  but  their  skill  and  ability  are  used  to  better  advantage. 

In  matters  of  design,  as  distinct  entirely  from  methods  of 
manufacture,  the  author  did  not  note  great  differences  between 
American  and  English  practice.  On  both  sides  of  the  Atlantic  the  same 
problems  are  attacked  on  similar  lines  :  in  details  they  differ,  but  not 
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in  principles.  It  would  seem  that  there  is  mucli  to  be  learnt  from 
each  other  in  these  things,  and  that  the  more  friendly  rivalry  there 
is  between  the  engineers  of  the  two  nations,  the  better  will  it  be  for 
the  engineering  industry  of  the  world.  The  author  believes  that  no 
one  who  visited  America  with  this  Institution  can  fail  to  have  been 
impressed  with  the  cordiality  with  which  they  were  received,  and  the 
exceeding  trouble  which  was  taken  to  make  their  visit  interesting, 
instructive,  and  pleasant ;  and  he  entertains  a  grateful  remembrance 
of  their  hospitality. 


Discussion  on  20th  January  1905. 

The  Peesident  asked  the  members  to  convey  by  acclamation 
their  thanks  for  Mr.  Gimson's  Paper.  He  thought  the  description 
of  the  best  American  workshops  which  the  author  had  given  would 
serve  as  a  description  of  Mr.  Mark  Eobinson's  workshops  at  Eugby, 
and  he  would  invite  that  gentleman  to  open  the  discussion. 

The  thanks  of  the  Institution  were  accorded  to  the  author  by 
acclamation. 

Mr.  Maek  Eobinson,  Member  of  Council,  thought  the  Paper  was 
an  interesting  and  instructive  one,  and  that  all  members  might 
benefit  by  reading  it  in  full.  He  believed  the  author  went  to  the 
root  of  the  subject  in  saying  that  the  superiority  of  American 
workshops  and  American  methods,  real  as  he  believed  it  to  be  in 
many  cases  (though  even  in  those  perhaps  less  pronounced  than 
some  supposed),  was  almost  entirely  due  to  better  organization  rather 
than  to  better  tools  or  better  men.  He  thought  the  reference  to  the 
steps  taken  to  prevent  waste  of  time,  as  by  not  allowing  foremen  to 
do  clerks'  work,  or  skilled  men  to  do  work  which  unskilled  men 
might  do,  was  very  useful  and  instructive. 
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Mr.  W.  Stanley  Bott  said  he  would  like  to  make  a  few  remarks 
on  this  Paper.  The  author  said  (page  9) :  "  It  follows  that 
if  American  engineers  shall  compete  successfully  against  English 
engineers,  it  will  be,  in  his  opinion,  because  the  organizers  of 
their  businesses  know  their  work,  and  carry  it  out  better  than  do 
the  organizers  of  businesses  here."  Then  he  went  on  to  say :  "  Their 
workmen  are  in  no  way  superior,  but  their  skill  and  ability  are  used 
to  better  advantage."  On  page  8  he  said  :  "  The  author  is  conyinced 
that  more  work  is  obtained  from  them  by  the  close  study  of 
economies  by  the  staff  in  the  drawing  and  allied  offices."  On  page  7 
he  said :  "  In  general,  however,  the  organization  of  an  engineer's 
shop  in  America  struck  the  author  as  superior  to  that  in  similar 
works  in  England."  He  thought  from  those  remarks  that 
Mr.  Gimson's  real  opinion  was  that  Americans  were  competing 
successfully  against  the  English.  His  own  impression  of  the  twelve 
or  fourteen  shops  he  saw  was  that  the  majority  of  them  were  better 
laid  out  and  better  organized  than  many  of  the  shops  in  England. 
A  few  of  the  shops  in  England  were  quite  equal  to  any  in  America, 
but  he  thought  a  great  many  were  still .  behindhand.  The  American 
superiority,  as  Mr.  Robinson  had  said,  was  the  result  of  better 
organization.  They  looked  after  every  little  detail ;  they  kept  more 
accurate  time  records,  and  went  much  more  minutely  into  the 
amount  of  time  spent  on  a  job  than  was  done  in  England. 
They  certainly  had  a  better  system  of  cost-keeping.  He  did  not 
think  English  engineers  went  minutely  enough  into  cost-keeping 
systems.  Such  systems  had  resulted  from  the  fact  that  Americans 
specialised  in  one  thing  and  were  thus  able  to  carry  out  the 
work  more  thoroughly.  In  shops  in  England,  where  more  than 
one  class  of  machine  was  made,  it  was  practically  impossible  to 
specialise  and  to  keep  costs  so  minutely  as  where  one  did 
specialise. 

At  the  top  of  page  9  Mr.  Gimson  said  :  "  It  would  be  instructive 
to  some  here  to  know  what  proportion  of  the  time  of  a  factory's 
running  is  used  by  any  given  machine.'*  He  did  not  know  quite  to 
whom  the  "  some "  applied ;  it  seemed  to  him  that  nobody  in 
England    could    run    his    business  very   well   unless    he    did   have 
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such  information.  Mr.  Gimson  also  referred  to  card  index  processes 
(page  9).  Probably  a  good  many  members  knew  what  the  card 
index  was,  but  to  those  who  did  not  know  he  would  say :  "  Go 
and  learn  it  and  get  enthusiastic  over  it."  He  became  acquainted 
with  a  card  index  about  four  and  a  half  years  ago,  and  got  very 
enthusiastic  over  it.  He  was  quite  sure  that  in  any  engineering 
works  it  would  be  found  that  great  benefit  would  be  derived  from 
its  use.  But  it  was  necessary  to  be  enthusiastic  about  it,  because  if 
it  were  not  used  properly,  it  was  worse  than  useless. 

Mr.  Chables  Wicksteed  said  that  he  went  over  to  America  to 
learn  all  that  he  could  of  American  methods,  and  to  see  if  what 
people  said  about  them  was  true,  rather  than  to  examine  any 
particular  machine,  although  there  was  an  immense  amount  of 
beautiful  machinery  that  it  would  have  been  well  worth  his  while  to 
have  examined  thoroughly,  if  ho  could  have  found  time  to  do  so. 
People  said  to  him  in  America  :  "  Is  not  this  beautiful  machinery  ?  " 
He  replied  :  "  Yes,  but  we  have  it  all  in  England  ;  owing  to  our  free 
trade  we  have  been  able  to  get  the  best  of  your  machinery."  He 
saw  nothing  particularly  new  in  America,  not  because  they  had  not 
brought  out  a  number  of  beautiful  things,  but  because  England 
bought  all  the  good  American  machinery,  and  had  its  own  good 
machinery  as  well.  He  liked  to  stand  uj)  for  the  "  Old  Country  "  a 
little  bit,  and  he  therefore,  whether  right  or  wrong,  told  Americans 
that  English  engineering  shops  for  general  purposes  were  better 
equipped  than  their  shops  were,  because  English  shops  had  the  pick 
of  the  two  countries,  whereas  Americans  with  their  high  protection 
only  had  their  own  machinery. 

He  had  always  heard  that  Americans  worked  a  good  deal  harder 
than  people  in  this  country.  He  did  not  wish  to  set  himself  up  as 
an  authority ;  he  was  simply  stating  what  his  honest  convictions 
were.  He  looked  everywhere,  in  the  workshops  and  in  the  streets ; 
he  observed  the  men  in  the  booking  offices  at  the  railway  stations,  at 
the  post  office,  and  everywhere  else,  and  as  far  as  he  could  judge  he 
came  to  the  conclusion  that  they  were  not  working  any  harder  than 
Englishmen,     In  all  matters  of  personal  service,  such  as  in  the  post 
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office,  telegraph  office,  porterage  or  anything  of  that  kind,  English 
were  far  away  the  smarter  and  more  efficient.  But  Americans 
worked  hard  in  one  way,  namely,  that  they  never  seemed  to  leave  off. 
The  hours  were  extremely  long,  and  night  and  day  work  seemed  to 
be  very  usual. 

English  people  talked  about  the  wonderful  American  workshops, 
and  he  was  told  before  he  went  over  there  that  he  would  find  them 
much  better  than  ours.  He  came  to  the  conclusion,  however,  that 
those  who  thought  the  American  workshops  so  decidedly  superior  to 
British  were  people  who  had  never  seen  the  best  workshops  in  this 
country ;  they  had  only  seen  second-  and  third-class  places  in  England, 
and  had  then  gone  to  America  and  seen  the  very  best  that  America 
had  to  show  them,  and  returning  home,  imagined  that  England 
was  backward.  Of  course  England  suffered  certain  disadvantages  as 
well  as  advantages  in  being  an  old  country.  In  this  country  the  most 
antiquated  machinery,  or  no  machinery  at  all,  would  be  found  in  the 
oldest  centres  of  industry — in  Birmingham,  and  Leeds,  and  so  on. 
In  those  great  old  towns  it  was  a  wonder  that  some  of  the  shops 
could  exist  at  all.  The  finest  workshops  were  often  found  in  such 
places  as  Eugby,  which  had  not  long  been  known  to  the  mechanical 
world.  There  were  innumerable  works  in  England  equal  to 
anything  he  saw  in  America.  He  would  point  out  that  in  America, 
with  its  rapidly  developing  industries  and  endless  resources,  there 
was  a  greater  proportion  of  new  workshops  than  in  England,  and 
that  the  scarcity  and  deamess  of  skilled  labour  made  method, 
duplicate  production,  and  automatic  machinery  essential  for  their 
industrial  existence.  They  therefore  naturally  applied  themselves 
to  such  organization,  and  had  done  it  well.  The  Americans  were 
exceedingly  proud  of  all  their  splendidly  equipped  works — in  fact 
they  were  proud  of  everything.  Even  if  it  was  a  bad  thing,  they 
were  proud  of  it,  as  long  as  there  was  enough  of  it.  At  the  same 
time,  he  thought  that  in  American  shops  there  was  often  waste,  and 
that  Americans  were  sometimes  too  lavish  in  the  size  and  equipment 
of  their  works.  A  number  of  the  great  show  places  were  paying 
very  little  dividend,  and  some  of  them  none  at  all.  He  maintained, 
as  an  ordinary  engineer,  that  one  had  every  reason  to  be  proud  of  a 
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beautiful  sliop,  spacious  buildings,  wonderful  macbinery,  and  a 
magnificent  floor  space,  provided  the  concern  paid  ;  but  if  it  did  not 
pay,  and  if  the  company  bad  to  be  reconstructed,  and  so  on,  be 
thougbt  there  was  something  to  be  ashamed  of  instead  of  something 
to  brag  about.  The  members  must  not  imagine  that  he  was  trying 
to  run  down  America.  He  had  no  doubt  be  would  very  soon  be 
talking  "  big  "  if  he  were  an  American.  The  fact  of  the  matter 
was  that  the  Americans  were  great  at  big  things ;  there  was  no 
mistake  about  that.  When  he  was  in  America  he  was  told  that 
Americans  were  the  smartest  people  on  the  face  of  the  earth, 
and  that  Englishmen  were  exceedingly  old-fashioned  slow-coaches, 
who  did  not  move  at  all ;  but  he  confessed  the  conclusion  he 
came  to  was  that  American  progress  was  brilliant  in  certain 
■  particulars,  was  more  irregular  than  English,  and  had  ghastly 
and  dangerous  chasms  between  the  pinnacles  of  success,  whilst 
English  progress  was,  on  the  whole,  more  satisfactory  and 
even.  He  often  felt  quite  ashamed  of  the  muddling  shops 
which  were  spread  all  over  this  country,  and  the  squatty  sheds  in 
which  business  was  carried  on,  compared  with  the  good  shops  which 
he  saw  in  America,  and  which  he  supposed  largely  prevailed  over 
that  country.  But,  on  the  whole,  he  came  away  with  the  idea  that  if 
England  would  only  accept  all  she  could  take  from  America,  and 
other  countries,  as  a  small  return  for  the  immensely  greater  amount 
that  she  herself  had  contributed  to  the  world's  engineering 
knowledge,  she  would  have  nothing  to  fear  from  American,  or  any 
other,  competition. 

There  was  no  doubt  that  there  was  too  little  method  over  here. 
English  engineers  began  without  any  method  at  all,  and  then  adopted 
it  very  grudgingly,  as  a  necessity  ;  but  the  Americans  loved  it,  and 
the  infinite  pains  they  took  in  elaborating  the  most  complete  system 
filled  all  with  admiration.  He  confessed,  however,  that  sometimes 
there  appeared  to  be  too  much  of  it.  They  elaborated  highly 
complicated  and  wonderful  structures  when  simpler  ones,  such  as  are 
in  vogue  here,  would  do  much  better —  railway  tickets  for  instance. 
Their  systems  often  broke  down  too,  and  a  complex  system  not 
carried  out  was  the  worst  system  possible.   Neither  must  it  be  thought, 
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although  thsy  had  more  and  better  systems  in  their  engineering 
works,  that  this  was  universally  the  case  outside  ;  it  was  quite  the 
contrary.  He  could  tell  stories  of  railway  management  which  would 
stagger  Englishmen,  and  of  many  instances  where  our  methods  were 
far  simpler  and  more  efficient  than  those  which  prevailed  in  America. 
In  conclusion,  he  would  point  out  that,  although,  nationally 
speaking,  England  was  as  conceited  as  any  nation  on  the  face  of 
the  earth,  and  without  doubt  thought  its  people  the  chosen 
race,  and  that  their  worst  was  better  than  other  people's  best,  yet 
nevertheless,  industrially,  he  thought  it  had  been  the  fashion  lately 
for  Englishmen  to  depreciate  themselves,  and  they  had  been 
advertising  their  depreciation.  He  was  bound  to  confess  that  he 
thought  their  friends  in  America  appreciated  themselves  now ;  if 
Americans  appreciated  themselves  50  per  cent.,  and  Englishmen 
depreciated  themselves  25  per  cent.,  it  would  account  for  an  immense 
amount  of  American  superiority  not  to  be  accounted  for  in  any  other 
way. 


Discussion  on  17th  February  1905. 

Mr.  Daniel  Adamson  said  that  Mr.  Gimson  in  his  Paper  had 
remarked  that  the  "  whole  energy  of  the  manufacturer  in  the  first 
instance  was  concentrated  on  making  his  machine  superior  to 
anything  at  the  time  on  the  market."  He  himself  thought  that 
manufacturers  in  this  country  would  only  be  too  happy  if  there  were 
the  same  conditions  here,  but  unfortunately  English  energies  were 
diverted  in  other  directions.  One  very  troublesome  matter  was 
finding  customers  who  were  prepared  to  look  farther  into  the  matter 
than  the  price,  and  he  thought  most  manufacturers  would  sympathise 
with  him  in  that  remark.  He  desired  to  offer  an  explanation  of  the 
different  commercial  conditions  in  the  two  countries.  In  America 
first-class  railway  securities,  over  the  last  10  or  12  years  for 
comparison,  returned  about  33  per  cent,  more  on  the  capital 
outlay   than  was  returned  in   England.     Now,  if  so  much   better 
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return  was  obtained  from  investments  by  simply  buying  the  shares 
and  sitting  down  and  drawing  tlie  dividends,  it  would  be  readily 
understood  that  the  possible  profits  from  ordinary  trade  and 
business  must  be  very  much  higher  in  America  than  in  this 
country.  That  great  advantage  from  a  commercial  point  of  view 
allowed  experiments  to  be  tried  over  there  which  people  in  this 
country  would  be  afraid  of  undertaking.  If  a  mistake  was 
made  here,  it  meant  a  serious  loss  which  could  not  be  recouped, 
except  over  a  very  long  period.  This  state  of  affairs  in  America 
created  a  more  optimistic  atmosphere  amongst  purchasers,  and 
makers  as  well ;  it  encouraged  the  makers  to  make  greater  efforts 
to  please  their  customers,  and  the  customer  was  not  afraid  of  buying 
something  which  in  this  country  might  be  considered  cxjjerimental. 

Mr.  Gimson  also  alluded  to  better  intercourse  between  the 
manufacturing  workshops  and  the  schools  and  professors.  One  often 
heard  of  better  use  being  made  of  University  graduates  and  such 
educated  men  in  business  in  America  than  was  the  case  here.  It  might 
be  that  they  wore  better  prepared  for  the  duties  of  business  life  than 
they  were  in  this  country.  Certainly  the  school  graduates  found 
occupations  in  America  much  more  readily  than  they  did  here.  But 
was  it  not  a  fact  that  the  English-shop  trained  men  were  also 
considered  very  acceptable  in  America  even  amongst  their  better 
trained  college  men  ?  He  (Mr.  Adamson)  believed  that  the 
explanation  of  all  this  lay  in  the  more  profit  obtainable  from 
business  that  he  had  just  alluded  to. 

Mr.  Gimson  |had  referred  to  the  "  rigorous  methods  that  were 
in  force  against  those  who  failed  to  carry  out  work  in  the  stipulated 
time."  Papers  had  been  read  and  favourably  criticised  at  this 
Institution  on  a  system  of  paying  labour  by  results — the  premium 
system.  It  might  not  have  been  noticed,  however,  that  recently 
some  of  the  most  powerful  Trades  Unions  in  this  country  in 
conference  had  condemned  that  system,  so  that  to  a  certain  extent  the 
English  manufacturers'  hands  were  at  present  tied  in  a  great  many 
trades.  The  Trades  Unions  said  that  the  system  "  dej)rived  the 
workman  of  the  full  value  of  his  labour,"  and  they  recommended 
their  members  to  have  nothing  to  do  with  it,  "  as  it  was  disastrous 
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to  sound  and  honest  workmanship  " — that  was  the  gist  of  the  report 
of  these  Trade  Unionists.  He  mentioned  that  as  another  example 
of  the  difficulties  manufacturers  had  to  contend  with  in  this  country. 
If  English  manufacturers  used  '=  rigorous  methods  against  those  who 
failed  to  carry  out  work  in  a  stipulated  time,"  the  newspapers  would 
have  plenty  of  matter  with  which  to  fill  their  columns  for  some  time. 
But,  in  spite  of  those  difficulties,  he  thought  the  members  would  agree 
that  English  manufacturers  did  very  well.  Take,  for  example,  the 
pumping  engines  and  planing  machines  that  had  been  referred  to  in 
the  Papers  under  discussion.  He  was  surprised  that  none  of  the 
authors  had  referred  to  the  one  thing  that  had  made  his  mouth  water 
in  America,  namely,  the  magnificent  erecting  shops  of  the  West  Allis 
Works.  He  asked  the  members  to  imagine  a  shop  about  600  feet  long, 
120  feet  wide,  and  75  feet  high  under  the  cranes ;  with  such  a  shop 
and  machine-tools  to  match,  building  engines  such  as  were  referred 
to  in  Mr.  Saxon's  Paper  was  mere  child's  play.  Comparing  those 
engines  with  the  larger  marine  engines  built  in  the  North  of  England 
and  in  Scotland,  he  thought  the  latter  showed  the  more  credit  to  the 
engineers  who  had  built  them  in  shops  not  nearly  so  well  eq^uipped 
as  the  West  Allis  shops.  The  people  who  ought  to  go  to  America, 
he  contended,  were  customers  and  especially  those  members  of  the 
Institution  who  were  consulting  engineers,  and  others  who  advised 
customers  in  engineering  matters.  If  they  would  go  to  America  and 
other  countries  more  frequently  and  see  the  methods  adopted,  and 
the  methods  accepted,  and  the  methods  which  answered  the  purposa 
in  America,  he  thought  they  would  return  to  this  country  and  with 
greater  confidence  spend  their  money  or  their  clients'  money  amongst 
British  engineers.  As  Mr.  Simpson  had  remarked  (page  49),  with 
regard  to  the  pumping  engines,  if  customers  were  prepared  to  order 
larger  engines  they  would  find  the  British  engineers  quite  prepared, 
and  only  too  glad  to  build  them. 

There  were  two  points  of  detail  in  connection  with   the  Joint 

Meeting  that  had  not  been  referred  to ;  one  was  something  which 

might  be  favourably  considered  and  the  other  something  to  avoid — 

>J  something  which  was  not  done  in  this  country  now,  and  he  supposed 

-"   never  would  be  done.     The  American  Society  evidently  allowed  a 
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great  number  of  friends  to  join  them  at  their  meetings ;  the 
English  Institution  [also  allowed  visitors,  but  excluded  them  from 
visits  to  works  and  certain  special  privileges.  Apparently,  in 
America,  the  guest  was  allowed  all  the  privileges  of  membership, 
with  the  result,  he  suggested,  that  it  taxed  the  hospitality  of  their 
hosts,  and,  to  that  extent,  interfered  with  the  advantages  that  true 
members  had  in  joining  the  Institution.  There  must  have  been  at 
least  as  many  guests  as  members  on  the  visits  to  the  works.  The 
guests  wore  a  distinguishing  badge,  so  that  it  was  easy  to  judge  of 
their  numbers.  A  point  that  was  worth  the  consideration  of  the 
Institution  at  the  Summer  Meetings  was  the  American  plan  of 
labelling  each  member,  who  was  given  a  numbered  badge, 
with  his  name  upon  it.  Many  members  must  have  experienced  at 
the  Summer  Meetings  a  difficulty  in  remembering  the  names  of 
persons  whose  faces  were  perfectly  familiar  to  them.  There  were 
also  men  whom  one  had  heard  of  and  would  like  to  know,  and  if 
their  names  were]  seen  one  could  at  once  become  acquainted  with 
them.     It  seemed  to  him  that  this  system  was  well  worth  a  trial. 


Communications. 

Mr.  William  Schokhetder  wrote  that  he  was  pleased  to  see  that 
attention  had  been  called  to  the  fact  (page  7)  that  "  In  general, 
the  organization  of  an  engineer's  workshop  in  America  struck  the 
author  as  superior  to  that  in  similar  works  in  England."  The  writer's 
experience  in  this  direction  might  not  be  as  extensive  as  Mr.  Gimson's, 
but  still  it  was  fairly  large,  and,  as  far  as  it  went,  it  entirely  accorded 
with  what  had  been  expressed.  The  great  difficulty — the  almost 
impossibility — of  modifying  and  improving  the  work  once  given  up 
to  hand-work  and  old-fashioned  and  conservative  methods,  could 
hardly   be  over-estimated.       How,   excepting  by   organization   and 
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labour-saving  tools,  was  it  possible  for  tbe  States  to  undersell  us 
in  this  country  so  largely,  even  in  spite  of  their  higher  wages  bill  ? 
He  admired  very  mucli  the  outspoken  manner  adopted  in  this  Paper. 

Mr.  GiMSON  wrote  that  he  was  obliged  for  the  interest  shown 

in  the  subject  of  his  Paper  by  the  speakers,  and  to  find  all  who  went 

to  America  in  general  agreement  as  to  the  difference  in  American 

and  English  practice.     Mr.  Charles  Wicksteed  truly  said  that  they 

had   in    this    country   their    own    good   machinery   and    also    the 

advantage  of  taking  the  best  American  machinery  into  their  shops. 

The  same  might  be  said  of  the  ideas  of  both  countries.      Ideas  were 

more  free  than  commodities.     They  had  the  opportunity  of  learning 

many  things  from    their  American  friends,  who   might,  none   the 

less,   learn    some   things  from   the   British.      Engineering   was   a 

progressive  business.     There  was  no  fear  but  that  for  many  years 

useful  and  profitable  work  could  be  found  for  all  on  both  sides  of 

the  water,  who  did  not  allow  their  minds  to  stagnate.     There  was 

great  value  in  the  technical  graduate  element  in  the  American  shops, 

but  no    technical    knowledge   could    supersede   the    necessity   for 

workshop  experience.     It  was  no   doubt  this  reason   that  enabled 

so   many   British    shop-trained    mechanics  to   obtain   positions   of 

responsibility  in  American  shops.     The  specializing  of  work  would 

tend  to  diminish  the  extent  of  a  man's  responsibility  whilst  enabling 

him  within   a   limited  range  to  reach  a  higher  degree  of  ability. 

In   this    country   they  were    more    accustomed    to    an    all-round 

responsibility  for  the   completed  works   undertaken  in  our  shops. 

Specialization  was  necessary  for  the  sake  of  economy  and  accuracy 

combined.     There  would  remain  a  place,  perhaps  the  most  important 

of  all,  for  the  man  of  engineering  instinct  and  business  ability  who 

could  utilize  to  the  best  advantage  the  various  specialists  whom  a 

technical   training  would  in  the  future   provide,  both  here  and  in 

America. 
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WATERWORKS  PUMPING  ENGINES  IN  THE 
UNITED  STATES  AND  CANADA. 


By  Mr.  JOHX  BAEK,  Associate,  of  Kilmarnock. 


On  the  occasion  of  the  recent  Summer  Meeting  of  this  Institution 
in  America,  the  author  of  this  Paper  availed  himself  of  the  many 
courtesies  extended  to  the  Members  by  their  hosts.  He  has  therefore 
set  down  a  few  notes  of  his  observations  of  typical  waterworks  in 
America  ;  these  impressions  have  been  summarised,  and  they  are 
followed  by  brief  descriptions  of  the  pumping-engines  in  twelve 
stations,  for  particulars  of  which  the  author  is  indebted  to  the 
various  engineers  in  charge  and  others  to  whom  he  wishes  here  to 
express  his  acknowledgments.  The  jjumping  stations  described  are 
as  follows : — Schenectady,  Cincinnati,  Philadelphia,  Pittsburg  (2), 
Chicago,  St.  Louis,  Desmoines,  Minneapolis,  Winnipeg,  Toronto, 
London  (Ontario),  and  Boston. 

The  following  are  the  deductions  referred  to  above  : — 

1.  The  type  of  high-duty  waterworks  pumping-engine  in  the 
United  States  is  generally  that  of  rotatory  vertical  triple-expansion ; 
this  is  undoubtedly  the  most  modern  type,  gives  best  duty,  and  seems 
to  be  the  favourite. 

2.  The  steam-valves  are  Corliss  in  the  high-pressure  cylinder, 
usually  Corliss  in  the  intermediate  cylinders,  and  poppet  in  the  low- 
pressure  cylinder. 
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3.  Piston  speed  is  usually  about  200  feet  per  minute,  sometimes 
a  little  Ligher. 

4.  Duty  under  test-run  varies  from  140  to  IGO  millions  of 
foot-lbs.  per  1,000  lbs.  of  steam,  for  engines  having  a  daily  capacity 
of  from  10  to  15  millions  of  gallons  pumped  into  mains  against  a 
pressure  of  about  100  lbs.  per  square  inch. 

5.  Pumps  work  quite  well  and  quietly  with  suction  under  a  head 
of  pressure,  air-vessels  of  ample  capacity  and  means  for  keeping 
them  charged  with  air  being  provided. 

6.  Air-vessels  of  ample  size  are  provided  both  on  suction  and 
delivery  pipes.  It  is  a  common  practice  to  have  an  air-vessel  on  top 
of  each  delivery-valve,  the  three  air-vessels  being  equalised  by  a 
connecting-pipe. 

7.  Pump-valves  are  of  the  multiple  type  of  rubber  or  vulcanite 
backed  by  a  brass  or  phosphor-bronze  spring.  Valves  are  about 
4  inches  diameter,  and  are  very  frequently  set  in  cages  placed  in  a 
strong  plate  in  valve  casing, 

8.  Centre  crank-pin  of  large  pumping-engines  has  one  end  in 
square  block  carefully  fitted  into  a  slot  in  the  web  of  the  crank  on 
one  side  to  allow  "  accommodation." 

9.  Journals  are  almost  invariably  lined  with  "Babbett"  metal. 

10.  A  heater  is  frequently  inserted  in  exhaust-pipe  between  the 
low-pressure  cylinder  and  condensers.  The  rise  in  temperature  thus 
gained  by  feed-water  cannot  be  great,  but  is  considered  worth  getting. 

11.  Many  of  these  large  engines  are  splendid  examples  of 
mechanical  engineering,  being  smooth  working,  efficient  and  well- 
finished  machines. 

Schenectady  Watek  Works. 

At  these  works  are  two  triple-expansion  vertical  condensing 
"Deane"  pumps,  duplex,  which  pump  about  20  million  gallons  per 
24  hours,  and  seem  to  do  good  work.  The  new  pumping  plant 
recently  put  down  consists  of  an  electric  motor  running  horizontally, 
carried  by  girders  at  ground  level  and  connected  to  a  centrifugal-pump 
underneath  by  vertical  shaft  about  7  inches  diameter,  Fig.  1.     The 
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Sketches  at  Schexectadt  "\Vatei;  "NVoiik?. 


Fig.  1. 

Elictric  Jlotor  and  Horizontal  Centrifugal  Sin{ile-Sluge  Fump. 

Delivery,  10  million  gallons  per  24:  hours  into  Town  Mains  at  a  pressure  of 
100  lbs.  per  sq.  inch. 
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current  is  brought  from  Falls,  about  20  miles  away,  at  10,000  volts. 
The  motor  is  three-phase,  the  voltage  being  transformed  down  to 
some  550  volts,  amperes  800,  and  the  speed  of  motor  and  pump  is 
about  800  revolutions  per  minute.  The  centrifugal-pump  is  about 
6  feet  external  diameter,  and  raises  water  from  an  adjoining  well, 
the  level  being  about  16  feet  below  the  pump.  The  water  is 
pumped  into  mains  against  a  pressure  of  100  lbs.  per  square  inch. 
There  is  also  a  small  auxiliary  electrically-driven  geared  vacuum- 
pump  to  exhaust  the  main  pump  and  suction-pipe  from  the  well  for 
charging  purposes,  also  a  set  of  small  electrically-driven  geared 
three-throw  pumps  to  pump  oil  at  100  lbs.  per  square  inch  under 
the  upper  collar-bearing  of  motor  on  which  the  weight  of  the 
armature,  shaft,  and  pump-disc  all  hang,  so  that  the  whole  of  moving 
parts  are  floating  on  an  oil  step-bearing  above  (see  enlarged  sketch, 
Fig.  1,  page  23).  The  pressure  of  oil  in  the  annular  simce  between 
the  two  bearing-discs  just  eases  them  apart  and  takes  the  whole 
weight  (amounting  to  several  tons)  of  working  parts. 

The  water  to  be  pumped  amounts  to  10  million  gallons  (U.S. 
gallons*)  per  24  hours,  which  works  out  about  500  P.-H.P.  It 
is  only  fair  to  say  that  the  pump  was  not  connected  through  to  the 
town  mains,  and  when  seen  was  pumping  against  a  closed  valve ; 
the  vibration  and  noise  were  however  abnormally  great. 

Cincinnati  "Water  "Works. 

Messrs.  R.  D.  "Wood  and  Co.,  Philadelphia,  have  at  present  under 
construction  in  their  works  four  sets  of  1,000-H.P.  vertical  triple- 
expansion  jet-condensing  pumping-engines  for  these  water  works. 
They  are  98  feet  high,  the  low-pressure  cylinder  is  82  inches  diameter 
by  8  feet  stroke ;  speed  16  revolutions  ( -  256  feet  per  minute) ;  two 
flywheels  on  each  engine  24  feet  diameter  (in  8  segments)  ;  boiler- 
pressure  160  lbs.,  Corliss  valves  placed  in  cylinder-covers  of  high- 
pressure  and  intermediate  cylinders  ;  the  valves  in  the  low-pressure 
cylinder  of  poppet  type ;  steam-receivers  and  reheaters  between  the 
cylinders. 

*  United  States  gallon  =  |  British  Imperial  gallon. 
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The  pumps  have  to  force  against  100  lbs.  per  square  incli;  duty 
to  be  between  IGO  and  170  million  foot-lbs.  per  1,000  lbs.  steam; 
the  air-pumps  and  feed-pumps  are  driven  by  the  main  engines. 
They  are  provided  with  vacuum-destroyer  and  drop-governor,  and 
the  weight  is  about  1,500  tons  per  set.  The  suction-  and  delivery- 
valves  of  the  large  pumps  have  rubber  discs  backed  by  brass  spring 
round  section,  and  there  is^a  large  number  of  3^-inch  diameter 
valves. 

Sketches  at  PHiLADELpmA  W'ater^Works. 
Fig.  2. 


4  Pump  Rods 


Fig.  3. 
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Philadelphia  "Water  AYokks. 
(New  Pumping  Station.) 
There  are  three  sets  of  vertical  triple-expansion  engines,  with 
three  ram-pumps,  each  set  to  pump  20  million  gallons  (U.S.  gallons) 
against  80  lbs.  per  square  inch.  The  low-pressure  cylinders  are 
96  inches  diameter  by  5  feet  6  inches  stroke;  Corliss  valves ;  pump- 
rams  33  inches  diameter,  glands  kept  "drowned"  (as  shown  by 
rough  sketch.  Fig.  2)  ;  valve-casings  (pump)  and  specials  are  all 
tested  to  300  lbs.  per  square  inch.     A  heater  is  interposed  between 
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the  low-pressure  cylinder  and  the  jet-condenser  to  heat  tlie  feed- 
water.  The  air-  and  feed-pumps  are  driven  by  the  main  engine. 
Duty  specified  to  be  IGO  million  gallons  per  100  lbs.  coal,  or 
1,000  lbs.  steam,  and  boiler-pressure  160  lbs.  per  square  inch. 
Crank-shafts  are  built  of  steel.  The  suction  side  of  the  pumps  is 
under  a  head  of  about  20  feet.  Pump-valves  (multiple)  about 
4^  inches  diameter,  usual  type  with  rubber  disc  backed  by  a  spring. 
Each  pump  delivery-chest  has  an  air-vessel  on  top  kept  charged  by 
Westinghouse  air-pumps.  The  air-vessel  has  a  disc  cast  inside  with 
hole  about  14  inches  diameter,  said  to  be  for  the  purpose  of  preventing 
surging  in  air-vessel.  Fig.  3  (page  25).  Each  engine  weighs  about 
IjOOO  tons.  The  engine-house  is  a  fine  building,  with  30- ton 
overhead  electric  crane,  80  feet  sjmn. 

PiTTSBUBG    WaTEK    WoRKS. 

(A)  Herron  Hill  Sub-Station. — All  the  three  sets  of  pumping 
engines  at  Ilerron  Hill  Sub-Station  were  made  by  the  Allis-Chalmers 
Co.,  Milwaukee.  With  the  two  small  sets  the  speed  is  40  revolutions  ; 
two  flywheels  (four  bearings),  2  feet  6  inches  stroke  ;  Corliss  valves, 
all  having  trij)  cut-ofi";  cast-iron  columns  A  shaped  with  guides 
fore  and  aft ;  steam  150  lbs.  Suction  is  under  a  head  of  35  lbs.  and 
pumping  against  80  lbs. ;  so  that  there  is  only  45  lbs.  on  pump,  that 
is,  the  work  done  is  against  45  lbs.  The  engines  work  smoothly  and 
quietly,  and  cannot  be  heard  in  the  street  20  yards  away.  The 
two  end-cranks  are  overhung,  Fig.  4,  with  four  rods  down  to  the 
pump-heads  (that  is,  to  rams  of  pumps)  ;  these  two  smaller  engines 
were  made  in  1895.  The  centre  crank,  which  is  double-web,  has 
a  peculiar  arrangement  on  one  end  of  the  crank-pin,  Fig.  5.  One 
web  of  crank  has  a  square  hole  and  one  end  of  crank-pin  fits 
into  the  square  block,  which  has  about  ;J-inch  clearance  at  each 
end.  The  object  is,  that  should  one  part  of  crank-shaft  wear 
more  than  another  it  allows  a  little  accommodation,  and  the 
adjustment  is  easier  when  erecting  engines.  The  largest  of  the 
three  engines  had  just  been  at  work  for  a  few  months  and  was  not 
yet  taken  over.  All  admission  valves  are  Corliss,  also  the  exhaust  on 
high-pressure    and   intarmediate,   but   the   exhaust   valves   on  low- 
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pressure  are  poppet  valves  — that  is,  equilibrium  valves  of  the  Comisli 
type.  The  Corliss  valves  are  all  in  the  cylinder  covers  (top  and 
bottom),  consequently  the  cylinder  itself  is  a  very  simple  casting.  The 
stroke  is  3  feet,  three  hollow  A  columns  ;  suction  air-vessel  on  each 
pump.  The  reason  for  this  last  is  that  the  engines  draw  from  the  town 
mains,  and  pulsation  is  minimized.  The  suction  is  under  25  lbs 
pressure ;  delivery  at  130  lbs.,  33  revolutions,  plungers  18  inches 
diameter,  and  the  toi)s  of  plungers  are  loaded  so  as  to  balance  the 
reciprocating  parts  of  the  engine.  The  cylinders  are  20  inches, 
36  inches,  and  56  inches  diameter.     The  pumps  have  a  delivery  air- 

SkETCHES    at    PlTTSBlKG    AVaTEI:    WOKKri. 

Fig.  4.  Fig.  5. 

Crosshead  and  Plan  of  Rods.  Adjiidment. 


vessel  above  each  set  of  delivery  valves,  and  these  three  air-vessels 
are  all  equalised  by  a  pipe  12  inches  or  so  in  diameter.  The  pump 
valves  (of  the  usual  rubber  disc  spring  loaded  type)  are  placed  in  a 
large  disc  about  4  feet  diameter  and  are  in  cages.  Air-pumps,  feed- 
pumps, and  air-compressor  pump  are  all  overhung  from  crosshead  of 
low-pressure  pump.  Feed-water  is  passed  through  upper  portion  of 
tubes  in  surface  condenser,  and  goes  into  the  boiler  at  about  120^  F. 
Boilers  are  fired  with  natural  gas,  which  gives  a  beautiful  blue 
flame  and  no  smoke  or  ash. 


(B)  Brilliant  Pumpiivj  Station. — Pumps   draw   from   Alleghany 
Eiver,  which  at  times  is  very  thick  and  muddy.     Water  unfiltered  is 
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full  of  slime,  but  filters  are  about  to  be  made  on  flats  across  the  river, 
to  which  two  steel  pipes  5  feet  diameter  Avill  be  laid.  The  engine- 
house  is  a  magnificent  one.  There  are  at  least  eight  sets  of 
very  large  vertical  engines — not  triples,  but  compound.  All  but  one 
or  two  sets  were  built  by  the  AUis-Chalmers  Co.,  Milwaukee.  The 
general  features  are  similar  to  other  stations,  but  the  latest  sot  of  large 
cross  compound  have  cranks  at  180^ ;  plunger  pumps  are  single-acting, 
and  work  beautifully  and  smoothly,  having  capacious  air-vessels  to 
take  up  shock  ;  the  flywheels  are  heavy — two  to  each  engine.  The 
pump  valve-chambers  and  air-vessels  above  form  supports  and 
stiflieners  for  main  framing  of  engine,  but  there  is  a  plate  3  inches 
or  4  inches  thick  inserted  at  top,  so  that  any  chamber  can  be  removed 
by  simply  taking  out  this  plate.  There  arc  tn'o  piston-rods  in  steam 
cylinders ;  diameter  of  cylinders  of  this  latest  set  arc  66  inches  and 
96  inches  by  64  inches  stroke.  Speed  about  200  feet  per  minute,  or 
rather  over.  Duty  about  140  millions.  Condensed  steam  is  used 
for  boilers,  and  grease  is  filtered  out  by  coke  in  enclosed  pressure 
filters. 

Chicago  Water  Works. 

14/^  Street  Pumping  Station. — At  this  pumping  station  there  are 
three  pumping  engines  each  of  15  million  gallons  capacity,  and  one 
of  30  million  gallons  capacity,  all  being  vertical  triple-expansion. 
The  first  three  sets  were  made  by  the  Allis-Chalmers  Co.,  and  the 
other  set  by  the  Lake  Erie  Co.,  Buffalo.  The  engines  are  supported 
underneath  by  heavy  brick  pillars  on  one  side.  The  large  engine 
(30  million  gallons  per  24  hours)  has  plungers  42  inches  diameter 
by  5  feet  stroke,  Corliss  valves,  two  piston-rods  to  each  steam 
cylinder.  The  engine  has  been  two  years  at  work,  and  during  that 
period  had  averaged  23^^  hours  per  diem,  so  that  it  was  very  rarely 
at  rest.  Jet  condensing ;  the  pumps  draw  from  a  tunnel  on  the  same 
level,  and  this  tunnel  is  carried  out  under  the  lake  bed  to  an  intake 
or  "  crib  "  about  a  mile  or  more  from  the  shore.  The  air-vessels  in 
this  case  are  kept  charged  by  snifter  valves,  which  are  used  in 
preference  to  an  air-compressor.  The  pumps  are  provided  with  one 
large  suction- vessel  and  one  large  delivery  air-vessel.    A  check-valvo 
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(reflux)  was  fixed  on  tlie  delivery  pipe,  but  it  is  now  dispensed  witli, 
as  the  doors  in  a  short  time  were  worn  down  off  the  faces.  Steam  at 
150  lbs.  pressure.  Duty  on  test  155  million  foot-lbs.  per  1,000  lbs. 
steam.  Cylinders  are  about  32  inches,  46  inches,  and  90  inches 
diameter.  The  upper  portions  of  the  pump  plungers  above  the 
stuflSng-box  are  of  wrought-steel  riveted  pipes.  The  high-pressure 
and  intermediate-pressure  valves  are  worked  by  the  same  eccentrics  ; 
with  the  low-pressure  there  is  a  separate  eccentric  for  admission  and 
exhaust  valves.  There  are  receivers  bet.veen  the  steam  cylinders. 
All  the  engines  work  quietly  and  effectively. 

St.  Louis  Water  Wobks. 

BisselVs  Point  Pumjjinj  Station. — At  this  station  three  sets  of 
triple-expansion  engines,  Plate  1,  are  being  erected  by  the  Allis- 
Chalmers  Co.,  having  each  a  capacity  of  20  million  gallons  per  21 
hours,  pumping  to  100  lbs.  per  square  inch,  suction  under  a  pressure 
of  about  15  feet  head ;  the  pumps  are  33;  inches  diameter  by  6  feet 
stroke  ;  speed  16^  revolutions  (=  198  feet  per  minute)  ;  pump  valve 
in  cages  inside  pump  casings — of  the  usual  multiple  type ;  1,176  valves 
in  each  engine,  seven  cages  in  each  valve  casing,  and  twenty-eight 
valves  in  each  cage.  (Six  pump-valve  casings  in  all)  ;  the  high- 
pressure  cylinder  of  34  inches  diameter  has  Corliss  valves,  the 
intermediate-pressure  cylinder  of  62  inches  diameter  has  Corliss 
admission  and  poppet  exhaust  valves,  and  the  low-pressure  cylinder 
of  94  inches  diameter  has  poppet  admission  and  exhaust  valves.  The 
valve-shaft  is  driven  by  drag  crank  on  end  of  main  shaft ;  duty  about 
160  million  foot-lbs.  of  water  lifted  per  1,000  lbs.  dry  steam.  Xo 
superheating;  steam  140  lbs.  per  square  inch.  Air-vessels  have 
equalising  pipe  (delivery) ;  each  pump  has  air-vessel  directly  on 
suction  pipe,  besides  large  air-vessel  on  end  of  main  suction  pipe. 
Six  relief  valves,  each  about  6  inches  diameter,  discharge  from 
delivery  into  suction  pipes  capable  of  taking  full  discharge  of  pumps, 
in  the  event  of  a  valve  being  shut  accidentally  (to  prevent  damage). 
An  air-cushion,  supplied  by  compressed  air  from  same  pump  which 
supplies  compressed  air  to  air-vessels,  keeps  up  the  lower  poppet- 
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valves  on  tlie  low-pressure  cylinder,  and  counterbalances  them.  The 
centre  crank  has  a  loose  square  block,  the  pin  being  fast  in  block. 
There  are  stays  from  the  top  soleplate  to  bottom  one,  thus  making 
the  engine  entirely  independent  of  mason  work.  The  weight  of  each 
flywheel  is  40  tons.  There  are  four  main  bearings  and  one  tail 
bearing.     The  engines  work  very  quietly  and  smoothly. 

General  Description. — It  may  be  interesting  to  add  that  there  are 
three  pumping  stations  for  St.  Louis  Water  "Works: — (1)  At  the 
Chain  Eocks,  up  the  river  above  the  city  ;  (2)  at  Baden  high-level 
pumping  station  ;  and  (3)  at  Bissell's  Point,  for  the  lower  districts. 
At  Chain  Eocks  the  water  is  taken  from  the  river  and  pumped  into 
settling  basins  covering  an  area  of  over  40  acres.  There  are  four 
triple-expansion  engines  here,  each  capable  of  delivering  into  the 
basins  30  millions  of  U.S.  gallons  daily.  Two  duplex  pumps  are 
held  for  emergencies  and  only  used  when  the  large  engines  are 
stopped  from  any  cause.  The  water  in  settling  basins  is  allowed  to 
"  purify  itself "  by  settling  for  about  24  to  30  hours,  and  is  then 
carried  into  the  conduit  to  the  two  high-service  pumping  stations, 
from  which  it  is  delivered  into  the  city  mains.  The  four  engines  at 
Chain  Eocks  have  each  three  48-inch  plungers.  The  engines  stand 
70  feet  high  and  weigh  nearly  600  tons  each. 

At  Baden  High-Level  Pumping  Station  there  are  six  engines 
pumping  against  140  lbs.  per  square  inch — two  delivering  10 
million  gallons  each,  and  four  15  millions  each. 

At  Bissell's  Point  Pumping  Station  there  are,  besides  the  three 
engines  described  above,  three  old  beam  and  fly-wheel  engines,  the 
steam  distribution  valves  being  worked  by  cams.  These  old  engines 
are  still  at  work  occasionally  as  a  stand-by,  but  consume  a  much 
larger  amoimt  of  steam  per  H.P.  than  the  more  modern  engines. 

Through  the  courtesy  of  Mr.  Laird,  Consulting  Engineer  for  the 
City  of  St.  Louis,  the  figure  of  consumption  of  steam  of  No.  10 
engine  at  Baden  Pumping  Station  is  given  at  10*51  lbs.  per  H.P. 
per  hour  (presumably  Pump  Horse  Power,  although  it  is  not 
expressly  stated  whether  it  is  Pump  or  Indicated  H.P.). 
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Sketches  at  Desmoixes  Water  Wot;es. 

Fig.  7. 
Ilulhj  Eiijine.     Four  Cylinders  and  two  Pump^ 


Fig.  8. 
Bed  Foiitlon  of  Air-Vessel. 

Air- Vessel  at  B  was  found  to  be  more  effective  than  where  shown  clotted  at  A. 


Fig.  9. 
Proposed  Wall  to  hold  hack  underground  Water  in  dry  seasons. 

Longitudinal  Section.  Cross  Section. 
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Desmoines  Water  Works. 

There  are  three  engines — two  Holly  horizontal  compound  rotatory 
condensing  and  one  Worthington  horizontal.  The  latest  Holly  is 
double  cross  compound,  Fig.  7  (page  31),  with  the  high-pressure  and 
low-pressure  cylinders  superposed  horizontally  (two  of  each)  ; 
cylinders  21  inches  and  42  inches  diameter  by  36  inches  stroke 
(  =  144  feet  per  minute) ;  contract  speed  24  revolutions  per  minute  ; 
Corliss  valves ;  air-vessels  have  air-pump  to  charge  them  (see  sketch 
showing  position  of  suction  air-vessel,  Fig.  8) ;  flywheels  are  in 
two  halves ;  pumps  with  multiple  valves  of  the  usual  type  ;  suction 
17  feet  depth;  steam  122  lbs.;  water  102  lbs.;  duty  about  125 
millions  per  1,000  lbs.  steam.  The  machines  are  compact,  but  parts 
look  to  be  rather  inaccessible  for  repairs.  Valve  motions  are  driven 
(1)  off  eccentric  on  main  shaft  for  low-pressure;  (2)  off  rocking 
lever  gudgeon  for  high-pressure.  The  cut-off  is  regulated  by  hand, 
by  an  arrangement  of  bevel  wheels  to  both  sides  of  the  engine  by 
raising  or  lowering  the  fulcrum  block  carrying  wrist  plate  for 
admission-valves.  The  water-supply  for  Desmoines  is  taken  from  the 
Kacoon  Eiver,  or  rather  it  is  pumped  from  the  sand  and  gravel  bed 
16  feet  or  so  underneath  the  river,  Fig.  9  (page  31).  Tunnels  or 
headings,  5  feet  by  4  feet,  consist  of  wood  frames  having  open  sides 
(sparred)  and  bottom,  and  about  4,000  feet  long  (closed  top).  This 
tunnel  or  gallery  brings  water  into  well,  from  which  it  is  pumped.  The 
water  is  clear,  cool,  and  naturally  filtered.  At  present  the  gallery  runs 
under  the  river  bank  alongside  the  river,  but  it  is  proposed  to  discard 
this  shortly,  the  Corporation  being  afraid  of  sewage  contamination, 
and  have  already  constructed  a  new  gallery  away  from  the  river.  The 
remarkable  thing  about  this  underground  supply  is  that  there  seems 
to  be  a  river  under  the  Eacoon  Pdver,  the  submerged  river  being  in 
a  gravel  bed ;  and  this  lower  river  flows  as  the  upper  river  does. 
Consequently  it  is  proposed  to  construct  a  dam  under  the  river-bed 
down  to  the  lower  strata  (which  is  clay),  so  as  to  dam  back  the 
water  and  give  underground  storage  in  dry  seasons.  At  times  the 
Eacoon  Eiver  is  almost  dry  and  then  the  underground  river  gets 
short  also. 
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MlX.VEAPOLIS    WatEU    "WoeKS. 

At  tlie  Old  Pumping  Station  is  a  Wortliington  high-duty 
compound  engine ;  pressure  21-i  feet ;  duty  about  80  millions.  At 
tlie  New  Pumping  Station,  on  tlie  other  side  of  the  Mississippi  Eiver, 
there  have  just  been  erected  and  set  to  work  two  sets  of  Holly 
vertical  triple-expansion  surface-condensing  pumping  engines.  The 
steam-valves  are  Cjrliss  on  the  high-pressure  cylinder,  Corliss  on 
the  intermediate,  and  poppet  on  the  low-pressure  cylinder ;  this 
last  cylinder  has  two  poppet-valves  on  toj)  and  two  on  bottom ;  lay 
shaft  for  valve  motions  worked  from  each  end  by  cranks  at  90". 
One  piston-rod  in  each  cylinder ;  cylinders  30  inches,  56^  inches, 
and  Si  inches  diameter  by  60  inches  stroke  ;  speed  20  revolutions, 
equal  to  200  feet  per  minute;  suction  lift  about  16  feet.  Pumping 
against  a  pressure  of  214  feet,  surface  condensing,  vacuum  27  inches  ; 
the  heater  is  between  the  low-pressure  cylinder  and  the  surface 
condenser.  The  water  for  feeding  the  boilers  is  taken  from  the 
hot-well  and  passed  through  the  heater.  The  capacity  of  each 
pumping-engine  is  15  million  gallons  (U.S.  gallons)  per  21  hours, 
and  the  guaranteed  duty  is  140  million  foot-lbs.  per  1,000  Its. 
steam,  but  it  is  hoped  that  better  results  will  be  obtained.  The 
centre  crank  has  a  loose  block,  as  has  already  been  described.  The 
suction  and  delivery  pipes  on  pumps  are  double.  Fig.  10  (page  34), 
coming  in  and  out  of  each  side ;  and  the  suction  pipes  have  an 
air-vessel  on  one  end.  The  air-vessels  on  delivery  are  equalised, 
and  help  to  support  framing ;  there  are  three  pump  plungers,  each 
29^  inches  diameter,  and  the  pump  valves  are  of  the  usual  multiple 
type.  Each  engine  complete  weighs  about  750  tons,  each  flywheel 
30  tons,  and  there  are  two  wheels  on  each  engine.  The  engines  work 
very  smoothly  and  quietly.  Steam  superheated  pressure  is  140  lbs. 
or  160  lbs.  per  square  inch.  A  sketch  of  screening  arrangement 
at  intake  from  Eiver  Mississippi  is  added,  Fig.  11  (page  34). 

"Winnipeg  Watee  Woeks. 

At  these  works  are  two  sets  of  pumping  engines,  of  a  capacity  of 
8  million  gallons.     One  engine  is  a  compound  vertical  "Worthington, 
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Sketcues  at  JFixneapolis  "SVates  Wo:;ks. 

Fig.  10. — Suction  Fump^. 
(Suclion  and  Delivery  pipes  are  double.) 


Fig.  11. — Eevolving  Screem  at  Intalefrom  Eiver  Missimppi. 
Four  Shaft  Bearings  on  Guide  Pillar 
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small  Electric  Motor) 
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The  square  frame 
at  top  revolves, 
and  the  Screens, 
in  the  form  of  an 
endless  band  of 
rectangular  sec- 
tions, pass  over  it 
as  they  reach  the 
top.  The  screens 
travel  slo-wly,  the 
water-jets  spray- 
ing and  washing 
all  the  time,  keep- 
ing screens  clean. 
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and  the  other  a  triple.  The  latter  has  six  cylinders  and  two  pumps ; 
cylinders  18  inches,  27  inches,  and  40  inches  diameter  by  2  feet 
stroke  (but  working  only  18  inches  stroke).  The  pumps  are  21 
inches  diameter  and  work  at  40  lbs.  per  square  inch.  The  pumps 
are  double  plunger  and  outside  packed,  and  have  a  balancing  ram 
against  90  lbs.  per  square  inch  to  balance  the  working  parts.  The 
balancing  vessel  is  of  wrought-iron,  and  has  an  air-compressing 
pump  to  keep  up  the  pressure,  consequently  it  is  a  hydraulic  balance- 
pump.  The  engine  has  rocking  compensating  cylinders,  but  they 
are  not  in  use.  The  condenser  is  "  surface "  with  independent 
duplex  air-pump.  Duty  said  to  be  80  millions ;  steam  100  lbs. ; 
multiple  pump  valves ;  steam  valves,  Corliss ;  engine  works  very 
quietly.  The  pressure  for  compensating  rocking  cylinders  is  given 
by  a  differential  accumulator.  One  end  is  loaded  with  pressure 
from  the  mains,  and  the  other  end  gives  90  lbs.  for  compensating. 
The  water  is  very  hard  and  is  softened  by  Clark's  process.  The  water 
is  pumped  from  a  well  about  12  feet  under  the  surface  to  a  tower,  by  a 
separate  pumping-engiue ;  it  then  gravitates  from  the  tower  through 
a  filtering  press,  &c.,  and  runs  into  a  clear  water  tank  (softened), 
whence  it  is  picked  up  by  the  main  pumps.  The  softening  is  said 
to  cost  three  cents  per  1,000  gallons.  In  order  to  ensure  that  there 
is  no  free  lime  in  the  supply  to  the  town,  COo  is  passed  from  a  coke 
furnace  through  the  water,  which  sprays  from  boxes  with  perforated 
bottoms,  and  this  dissolves  any  free  lime.  The  softened  water  is 
clear  as  crystal,  and  the  hardness  is  said  to  be  reduced  from  50°  to 
about  7°.  They  have  on  order  at  the  present  time  a  set  of  double 
stage  centrifugal  pumps  to  be  driven  by  a  motor  at  210  volts;  and 
an  old  engine  is  being  adapted  for  this  work.  The  centrifugal  is 
to  pump  against  80  lbs.  and  to  run  about  1,200  revolutions.  A  new 
well  about  20  feet  diameter  is  being  sunk  down  60  feet  to  the 
limestone. 

ToEONTO  Watek  Wokks. 

The  older  engines  are  one  of  8  million  gallons  capacity  and  one 
of  5  million  gallons  capacity,  cross  compound  duplex  Worthington ; 
these  are  about  20  years  old ;  steam  GO  lbs. ;  water  90  lbs. ;  pumps 
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double-acting  (in  sleeve)  24  inches  diameter  by  3  feet  stroke ;  duty 
about  40  millions.  The  two  newest  engines  are  Holly  horizontal 
cross  compound  rotatory  ;  steam  100  lbs. ;  water  90  lbs. ;  cylinders 
28  inches  and  50  inches  diameter  by  4  feet  stroke  by  32  revolutions, 
which  is  equal  to  256  feet  per  minute,  but  often  run  up  to  300  feet 
per  minute;  duty  about  100  millions;  surface  condensing;  vacuum 
25  inches ;  air-pump  independent  duplex.  The  style  is  like  the 
Desmoines  engine ;  suction  about  12  feet ;  cylinders  jacketed  and 
with  reheater  between  them.  They  are  at  present  making  foundations 
for  a  new  triple  surface  condensing  engine,  being  made  by  the  John 
Inglis  Co.  of  Toronto — piston  speed  200  feet  per  minute  to  pump 
against  100  lbs.  per  square  inch;  stroke  5  feet;  duty  specified  is 
165  millions  *  per  1,000  lbs.  "commercially  dry"  steam;  steam 
pressure  150  lbs.  per  square  inch.  Capacity  15  millions  Imperial 
gallons  per  24  hours.  Area  of  clear  waterway  of  pump  valves 
specified  to  be  180  per  cent,  of  plunger  area;  steam  cylinders  to  be 
jacketed  and  fitted  with  reheaters. 

London  (Ontabio)  Water  Works. 

Their  supply  is  from  beautiful  springs — pure  clear  hard  water, 
and  is  pumped  to  the  reservoir  against  105  lbs.  by  two  sets  of 
horizontal  double-acting  pumps,  18^  inches  diameter  by  2  feet 
stroke  by  24  revolutions.  Two  pumps  in  each  set,  four  pumps  in 
all.  These  are  driven  by  two  turbines  which  get  water-power  from 
a  weir  on  the  river,  10  feet  fall  (about  150  H.P.).  They  have  also 
two  sets  of  horizontal  compound  (cross)  pumping  engines  condensing 
(jet)  as  a  stand-by  when  water-power  fails. 

Boston  Water  Works. 

Chestnut  Hill  Pumping  Engines. — From  -want  of  time,  the  author 
regretted  that  he  was  unable  to  see  these  engines  at  work.  They  are, 
he  understands,  among  the  best  examples  of  pumping  engines  in  the 

*  This  is  a  very  higli  specified  duty — a  more  recent^figure  being  140  millions 
for  engines  of  12  millions  capacity  (Imperial  gallons). 
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United  States,  Fig.  12,  Plate  2.  Capacity,  30  million  U.S.  gallons 
per  24  hours.  Diameter  of  cylinders,  30, 56,  and  87  inches.  Stroke, 
66  inches.  Steam  pressure,  185  lbs.  per  square  inch.  Average 
dry  steam  per  I.H.P.  per  hour  =  10-335  lbs.  Duty,  178,497,000 
foot-lbs.  per  1,000  lbs.  of  dry  steam.  Thermal  efficiency  of  engine, 
21  •  63  per  cent. 

General  Remarlcs. — In  Great  Britain  the  duty  of  pumping-engines 
is  usually  expressed  in  foot-lbs.  of  water  lifted  per  112  lbs.  of  best 
Welsh  coal.  In  the  United  States  and  Canada  this  duty  is  given 
as  per  1,000  lbs.  of  dry  steam.  In  the  United  States  the  gallon 
employed  is  the  "  United  States  gallon,"  equal  to  five-sixths  of  the 
Imperial  gallon.  In  Canada  the  Imperial  gallon  seems  to  be 
usually  employed. 

The  author  is  indebted  to  Mr.  Arthur  Warren,  brother  of  the 
President  of  the  Allis-Chalmers  Co.,  of  Milwaukee,  for  the  figures 
given  for  the  Boston  30-million  pumping  engine,  who  has  also 
kindly  sent  a  photograph  of  this  engine,  Plate  2 ;  also  for  a  photograph 
of  Bissell's  Point  Pumping  Engine,  St.  Louis,  Plate  1.  He  is  also 
indebted  to  Mr.  John  A.  Laird,  consulting  engineer  of  the  City  of 
St.  Louis,  for  some  notes  on  pumping  engines  at  Chain  Rocks  and 
Baden  Pumping  Stations  of  that  city. 

The  Paper  is  illustrated  by  Figs.  6  and  12  on  Plates  1  and  2, 
and  10  Figs,  in  the  letterpress. 


Discussion  on  20t7i  January  1905. 

The  President  asked  the  Secretary  to  inform  Mr.  Barr  of  the 
applause  that  had  greeted  the  reading  of  his  Paper,  which  indicated 
the  members'  appreciation  of  it. 
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Mr.  Edward  C.  E.  Marks  said  he  was  sorry  tlie  author  was  not 
present,  because  there  were  a  few  questions  he  would  like  to  put  to 
him  concerning  the  figures  that  had  been  given  of  the  duty  which  was 
obtained  from  the  various  pumping  engines  described  in  the  Paper. 
First  of  all,  he  would  like  to  ask  if  the  figures  were  official  figures, 
or  only  such  figures  as  were  obtained  at  the  Exhibition  itself, 
concerning  the  duty  of  the  pumps  and  the  pumping  plant,  for 
dealing  with  the  water  for  the  cascades.  |  The  official  guide-book 
said  it  was  the  largest  pumping  plant  ever  known,  and  that  the 
water  dealt  with  was  the  largest  volume  of  water  ever  put  in  motion 
by  artificial  means.  After  reading  the  guide-book  he  naturally 
looked  out  for  that  wonderful  pumping  plant,  and  with  some 
considerable  trouble  found  it.  The  actual  figures  [worked  out  as 
follows :  The  great  i)umping  plant  consisted  of  three  centrifugal 
pumps,  each  of  which  was  direct-coupled  to  a  Westinghouse  motor. 
The  impeller  was  in  each  case  5  feet,  and  the  suction  and  the 
delivery  36  inches.  It  was  a  size  which  an  English  maker  would 
consider  quite  small,  and  not  worth  talking  about  for  a  single 
moment.  But  the  official  guide-book  gave  quite  a  pcem  on  the 
wonderful  volume  of  water  (said  to  be  90,000  gallons  per  minutcj 
which  was  put  in  motion  by  means  of  these  pumps.  The  pumps 
were  rated  at  35,000  gallons  per  minute  apiece ;  but  when  he  got  to 
the  Exhibition  he  found  that  only  one  was  at  work,  and  that  was 
not  giving  more  than  30,000  gallons.  He  enquired  when  two  or 
the  three  were  to  be  set  to  work,  and  was  told  that  two  had  been  put 
on  once,  but  after  a  short  run  they  had  to  be  stopped,  as  the 
authorities  were  afraid  of  bringing  the  whole  place  down  about 
their  ears.  Consequently,  throughout  all  the  time  he  was  there,  only 
the  one  pump  was  working,  and  the  official  90,000  gallons  was 
at  once  reduced  to  30,000  gallons.  He  wished  to  ask  if  the  figures 
which  were  given  in  the  Paper  were  so  unreliable  as  those  with  which 
he  (Mr.  Marks)  had  had  to  deal.  The  pump  horse-power  or 
effective  horse-power  of  the  one  pump  which  he  saw  at  work  was  G70, 
but  the  amount  of  work  put  into  the  motor  was  1,120  H.P.,  giving 
a  mechanical  efficiency  of  60  per  cent.  He  was  sure  Mr.  Davey 
would  smile  at  au  efficiency  of  that  kind. 
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In  dealing  witli  the  St.  Louis  pumping  station,  and  with  several 
otbers,  Mr.  Barr  stated  that  he  "  was  infoi-med."  He  (Mr.  Marks) 
wished  to  bear  out  fully  the  remark  of  Mr.  Charles  Wicksteed,  that 
everyone  had  to  take  much  of  the  information  offered  them  in 
America  with  considerable  caution.  Mr.  Barr  said  that  he  was 
informed  (page  30)  that  the  engine  at  the  Baden  station  was  using 
10' 51  lbs.  of  steam  per  H.P,,  and  presumed  it  was  P.H.P.  He 
(Mr.  Marks)  was  certain  it  was  not  P.H.P. ,  because  if  it  were,  it 
would  give  a  duty  of  188,000,000  foot-lbs.  per  thousand  lbs.  of  steam, 
and  he  was  perfectly  certain  that  that  had  not  yet  been  done  either 
in  America  or  in  any  other  country.  They  were  also  informed 
(page  37)  that  at  the  Boston  works,  at  Chestnut  Hill  pumping 
station,  there  was  a  duty  of  178,497,000  foot-lbs.  per  thousand  lbs. 
of  dry  steam,  which  worked  out  at  11  •  1  per  P.H.P.  That  happened 
to  be  the  very  station  with  regard  to  which  a  few  years  ago  they  were 
told  a  great  deal  about  a  Eiedler  pump,  which  was  put  down  there. 
He  would  like  to  ask  if  that  Eiedler  pump  was  now  on  the  scrap 
heap,  or  what  had  happened  to  it.  Some  members  had  heard  much 
about  that  pump,  and  the  figures  published  on  this  side  concerning 
it.  With  regard  to  size,  it  happened  to  be  about  the  same  as  a  pump 
which  was  now  at  work  in  Leeds,  of  which  Mr.  Davey  could  say  a 
good  deal.  The  pump  or  pumping  engine  at  Leeds  was  a  triple- 
expansion  vertical  type,  with  15,  25,  and  40-inch  cylinders,  and  a 
3-foot  stroke,  having  a  piston  speed  of  217  feet  a  minute.  It  gave 
a  duty,  on  a  test  made  by  Professor  Unwin,  of  151,670,000  foot-lbs. 
effective  work  per  thousand  lbs.  of  steam  The  Chestnut  Hill  Eiedler 
type  pumping  engine — of  which  Mr.  Barr  said  nothing,  and  therefore 
it  must  be  presumed  to  be  on  the  scrap  heap  at  the  present  moment, 
although  it  was  only  ten  years  old — was  tested  by  Professor  E.  P. 
Miller  and  gave  158,147,000  fo(;t-lbs.,  or  about  4  per  cent,  better 
than  the  result  at  Leeds.  But  to  get  that  4  per  cent,  difference  they 
had  to  raise  the  steam  from  138  lbs.  to  176  lbs.,  and  had  to  run 
the  pistons  at  a  speed  of  607  feet  as  against  217  feet  per  minute.  It 
seemed  to  him  they  had  got  the  extra  4  per  cent,  at  much  too  great 
a  price,  and  they  would  have  done  far  better  had  they  purchased  a 
pumping  engine  from  this  side,  notwithstanding  the  terrible  duty 
which  they  would  have  had  to  pay  to  get  it  into  their  country. 
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Mr.  Edmund  L.  Morbis  said  he  always  liked,  if  possible,  to  stand 
up  for  tlie  "  Old  Country,"  and  thought  the  figures  which  were  given 
in  the  Table  (page  41)  showed  that  the  engines  made  in  England 
were  quite  as  good  as  those  built  in  America.  He  remembered  a 
Paper  by  Mr.  Teague  on  a  new  engine  put  up  at  the  Lincoln 
waterworks*  being  read  at  the  Institution  eighteen  years  ago.  It  was 
a  Cornish  engine,  and  the  chief  point  of  discussion  at  that  Meeting 
was  the  comparative  merit  of  the  Cornish  and  the  rotatory  engine. 
Mr.  Mair-Eumley  mentioned  that  a  rotative  engine  might  be  expected 
to  work  at  from  18  to  20  lbs.  of  steam  per  I.H.P.,  against  26  lbs.  for 
the  Cornish  engine.  He  thought  much  progress  had  been  made 
since  then.  He  remembered  saying  at  that  Meeting  that  he 
considered  a  triple-expansion  engine  working  three  pumps  would 
make  a  very  good  pumping  engine,  on  account  of  its  giving  a  very 
uniform  flow  of  water.  Several  engines  of  that  class  had  since  been 
put  up  in  London.  The  benefits  of  the  overhead  triple-expansion 
engine  system  were  fully  appreciated.  Such  engines  had  been  put  up 
by  the  East  London  Water  Co.,  by  the  Southwark  and  Vauxhall  Water 
Co.,  by  the  Grand  Junction  Co.,  and  by  the  New  Eiver  Co.  The 
New  Eiver  Co.  had  now  put  up  eleven  engines  of  that  type  :  one  at 
Hornsey,  two  at  Clerkenwell,  three  at  Cricklewood,  and  five  at 
Kempton  Park.  He  had  a  list  of  tiiple-expansion  engines,  which  had 
been  obtained  principally  from  published  results,  and  he  believed 
that  the  engine  put  up  at  Waltham  Abbey  in  1890  was  about  the 
first  of  that  description.  The  steam  per  I. HP.  was  15*4  lbs.  An 
overhead  triple  Worthington  engine  was  put  up  for  the  West 
Middlesex  Co.  in  1896,  which  used  15*1  lbs.  of  steam  per  I.H.P. 
At  the  New  Eiver  Head,  No.  1  engine,  put  up  in  1899,  used  14 '9  lbs. 
of  steam  per  I.H.P.  Then  a  New  Elver  horizontal  Worthington 
triple  used  14  •  2  lbs. ;  a  Southwark  and  Vauxhall  engine  at  Hampton, 
tested  in  1901,  used  14  lbs. ;  and  another  New  Eiver  Head  engine, 
No.  2,  put  up  in  1903,  used  13*7  lbs.  He  believed  an  engine  at 
Liverpool — he  did  not  quite  know  the  date — used  12*7  lbs.,  and  the 
Lea  Bridge  engines,  he  believed,  worked  at  12*5  lbs.  of  steam  per 

*  PiocccdiDgs  1887,  page  124. 


Jax.  1905. 


AMEKICAN    PUMPING    ENGINES. 


41 


Trials  of  an  Overhead  Triple-Expansion  Pumping  Engine. 

March  1904.     New  Biver  Water  WorTcs,  Hornsey. 
Cylinders,  21,  34,  52  inches  diameter.     Strolce,  48  inches. 
Pumps,  27  or  18^  inches  telescopic  plungers. 


Plungers  in  use. 

27  inches. 

18  J  inches. 

Duration tours 

Gallons  pumped 

Head feet 

12 

5,377,000 
113-8 

25-1 

155 

257 
294-5 

87 

13-3 

11-6 
148,800,000 
160,700,000 

10 
2,123,045 

267-7 

25-4 

155 

287 

326 

88 
13 

11-5 
152,300,000 
170,600,000 

Eevolutions  per  minute 

Steam  Pressure  at  Engine       ....      lbs. 

Pump  Horse-Power 

Indicated  Horse-Power 

Mechanical  EfScienc y per  cent. 

Total  Dry  Steam  per  P.H.P.  per  hour     .      lbs. 
Total  Dry  Steam  per  I.H.P.  per  hour    .       lbs. 

Duty  per  112  lbs.  of  Coal  at  an  Evaporation  of  10 

I.H.P.  The  Chicago  engines— AUis  engines,  1903— brought  the 
figure  down  to  12-1  lbs.  The  Milwaukee  engine,  which  he  believed 
was  the  lowest  on  record  up  to  the  date  of  its  trial  in  1893,  used 
11  •  8  lbs.  of  steam  per  I.H.P.  The  Hornsey  engine,  No.  7,  Figs.  13, 
14  and  15  (page  42-44),  the  results  of  which  were  shown  in  the 
Table  (above),  was  tested  about  eight  or  nine  months  ago,  and  brought 
the  figure  still  further  down  to  11-5  lbs.  of  steam  per  I.H.P. 

Coming  to  the  two  engines  described  by  the  author,  he  thought 
they  were  the  only  two  triple-expansion  engines  in  the  Paper  of 
which  any  tests  had  been  given.  Most  of  the  duties  stated,  as  far  as 
he  could  ascertain,  were  specified  duties  only,  but  the  engines,  with 
the  exception  of  the  two  large  ones,  had  not  yet  been  tested.  The 
Chicago  engine  with  1,000  H.P.  worked  out  at  about  11-3,  or  a  duty 
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Fig.  14. 

rump  Earns.    Neio  River  Works, 
Sornsey. 

(See  also  page  44.) 
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Fig.  15. — Enlarged  Vieio  of  Fump  Bams.    New  River  Worl:s,  Hornsey. 


Jan.  1905.  AMERICAN   PUMPING   ENGINES.  45 

of  155  millions  per  thousand  lbs.  of  steam.  The  Boston  engine, 
which  was  another  very  large  engine,  gave  10*3  lbs.  of  steam  per 
I.H.P.,  or  178,400,000  foot-lbs.  duty  per  thousand  lbs.  of  steam. 

The    Hornsey   engine   was    an    ordinary   triple,   working   three 
plunger-pumps,  but  it   had  to  work  to    two  reservoirs  at  different 
levels,  so  that  each  plunger   was  divided  into   two,  or  rather  each 
pump  had  two  plungers  working  telescopically  one  inside  the  other, 
the  larger  plunger  of  27  inches  working  to  the  lower  level  reservoir, 
and  the  smaller  plunger  inside  that,  18^  inches  diameter,  working 
to   a  higher  level  reservoir.      Working  at  tho  same  speed  and  at 
about  the  same  H.P.  it  could  pump  either  10  million  gallons  per 
day  of   24   hours   to   a  height   of  124   feet,   or  41   millions   to   a 
height  of  270  feet.      There  were  air-vessels  as  described  by   the 
author  on  each  delivery.     There  was  a  suction  air-vessel  at  the  end 
of  the  suction  main,  and  a  surface  condenser  on  the  suction  pipe  on 
the  way  to  the  pump.     Fig.  3  (page  25)  showed  a  diaphragm  in  the 
air-vessel,  which  was  put  there  to  prevent  surging.     In  this  case, 
however,  the  water  rushed  up  and  down  in  the  small  hole  in  the 
centre  of  the  diaphragm  and  absorbed  the  air  in  the  air-vessels,  and 
carried  it  away  into  the  main.     Various  devices  were  tried — baffle- 
plates  and  internal  deflection  pipes — but  without  success,  and  the 
hole  was  gradually  enlarged  until  the  whole  of  the  baffle-plate  was 
cut  away,  and  no  further  trouble  was  experienced.     It  had  two  fly- 
wheels, overhung  cranks,  and  a  sliding  block  for  the  crank-pin  in 
the  centre  crank.     It  had  trip-gear  to  all  the  cylinders,  which  were 
steam-jacketed  and  fitted  with  reheaters.     He  was  not  quite  certain 
about  the  efficacy  of  the  reheaters.     In  two  instances  lately  he  had 
found    that    an    engine    working    without   the   reheater  had   given 
results   equally  as  good  as  when  the  reheater  was  in  use,  but  he 
presumed    that   depended   on   the   circumstances  under  which   the 
engine  worked.     It  would  be  interesting   if  the  author  could  give 
the  results  of  the  trials  of  the  other  engines  which  he  had  mentioned ; 
later  on  perhaps  he  would  be  able  to  do  so.      It  might  be  noticed 
that   the   low-pressure    cylinders  were   mostly   fitted  with  poppet 
valves  instead  of  Corliss  valves,  and  he  presumed  there  was  some 
good  reason  for  that.     Very  few  of  the  engines  appeared  to  be  fitted 
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with  surface  condensers,  and  he  supposed  there  was  also  an  equally 
good  reason  for  that,  which  perhaps  the  author  would  be  able  to 
explain. 


Discussion  on  llth  Fehruar;/  1905. 

Mr.  A.  H.  Meyset-Thompson  thought  a  debt  of  gratitude  was 
owing  to  Mr.  Barr  for  bringing  before  the  Institution  the  performances 
of  American  pumping  engines,  more  especially  as  applied  to  the 
triple-expansion  engine.  That  engine  had  a  particular  interest  for 
Englishmen,  because  it  was  originally  developed  on  the  sea,  and  he 
believed  the  first  person  to  apply  it  to  pumping  machinery  was 
Mr.  Bryan  at  the  East  London  Water  Works,  nearly  twenty  years 
ago.  Since  that  time  the  triple-expansion  engine  had  been  largely 
modified  and  imjiroved  on  both  sides  of  the  Atlantic,  and  in 
bringing  before  the  Institution  the  modifications  which  had  been 
made  in  America  Mr.  Barr  had  performed  a  great  service.  To 
criticise  some  of  the  points  which  had  been  brought  forward,  Mr. 
Morris  had  drawn  attention  to  the  fact  that  a  poppet  valve  was  put 
on  the  low-pressure  cylinder  and  a  Corliss  valve  on  the  high-pressure 
and  intermediate  pressure.  That  was  a  reversal  of  continental 
practice.  Germans  argued  that  if  a  rubbing  surface  was  put 
anywhere  it  should  be  on  the  low  and  intermediate,  and  that  a 
poppet  should  be  put  on  the  high-pressure  cylinder  when  dealing 
with  su^ierheated  steam.  In  his  own  practice  he  had  always  put 
Corliss  valves  on  all  three,  and  had  found  no  difficulty  at  all  in 
the  matter.  He  desired  to  ask  Mr.  Barr  if  he  knew  why  the 
Americans  had  reversed  the  continental  practice. 

The  author  had  also  drawn  attention  to  the  fact  that  air-vessels 
were  provided  both  on  suction  and  delivery  pipes,  and  that  it  was  a 
common  practice  to  have  an  air-vessel  along  the  top  of  each  delivery 
valve,  but  he  had  said  nothing  about  a  vacuum  vessel  being  placed 
below  each  suction  valve.  That  was  a  practice  which  he  (Mr. 
Meysey-Thompson)  adopted  with  very  beneficial  results.  He  did 
not  think  that  the  method  with  a  vacuum  vessel  at  the  end  (page  34) 
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was  any  tiling  like  so  good,  because  a  mucli  better  pump  diagram 
was  obtained  when  the  vacuum  vessel  was  attached  to  each  pump 
than  when  there  was  only  one  vacuum  vessel  at  the  end,  upon  which 
all  three  pumps  had  to  depend  for  equalising  the  pressure. 

On  page  22  in  paragraph  8  the  author  said  that  the  centre  crank- 
pins  of  large  pumping-engines  had  one  end  in  a  square  block  carefully 
fitted  into  a  slot  in  the  web  of  the  crank  on  one  side  to  allow 
"  accommodation,"  and  the  illustration  farther  on  showed  that  block 
(page  27)  ;  but  Mr.  Barr  made  no  mention  of  any  adjustment,  and 
he  himself  certainly  had  found  that  adjustment  was  very  necessary 
to  take  up  wear.  He  also  did  not  see  why  a  square  hole  had  been 
adopted.  In  his  own  practice  he  used  a  round  hole,  which  was  much 
better  and  stronger  and  kept  the  crank  stronger,  and  'it  was  a  much 
easier  thing  to  fit  accurately  a  round  hole  than  a  square  one. 
He  did  not  quite  understand  why  they  should  take  the  trouble  to 
make  a  square  hole  for  that  pin  to  go  through.  He  had  used  the 
round  hole  for  years  and  had  found  it  an  excellent  arrangement, 
allowing  as  it  did  for  any  little  settling  that  might  take  place  owing 
to  the  wear  on  the  bearings,  and  thus  avoiding  any  straining  of  the 
crank-shaft  if  the  engine  should  happen  not  to  be  put  quite  in  line. 

Then,  again,  with  regard  to  duties,  it  had  been  the  custom  on  the 
part  of  a  great  many  writers,  especially  those  not  very  well  informed, 
he  thought,  to  assume  that  American  duties  were  very  much  better 
than  anything  obtaining  on  this  side  of  the  water.  It  was  true  that 
there  had  been  some  very  exaggerated  statements  made  by  Americans, 
but  it  was  also  true  that  there  had  been  some  exceedingly  good  duties 
obtained.  But  when  one  took  into  consideration  the  size  of  their 
engines — several  mentioned  in  the  Paper  going  up  to  1,000  H.P. — and 
the  much  smaller  engines  that,  as  a  rule,  were  in  use  in  this  country, 
he  thought  those  in  this  country  compared  very  favourably  with  the 
American  ones.  In  a  little  engine  at  Leeds,  tested  by  Professor 
Unwin — an  engine  which  only  indicated  184  H.P. — a  consumption  of 
13-05  lbs.  of  steam  per  P.H.P.  gave  a  mechanical  efficiency  of  91  per 
cent.  Since  then  an  engine  of  232  I.H.P.,  built  in  Leeds,  had  been 
running  at  Rosario  which  consumed  only  12*28  lbs.  of  steam  per 
P.H.P.,  and  gave  a  duty  of  161,250,000  foot-lbs.  per  1,000  lbs.  of 
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steam,  with  a  mechanical  efficiency  of  over  90  per  cent.  He  thought 
those  mechanical  efficiencies  were  about  as  good  as  anything 
Americans  had  shown.  The  steam  per  P.H.P.  was  slightly  better, 
but  when  comparing  an  engine  with  200  or  300  H.P.,  with  an  engine 
with  800  or  1,000  H.P.,  it  might  be  presumed  that  the  smaller  engine 
was  doing  very  well  when  it  came  so  near  to  the  results  obtained  by 
the  much  larger  American  one. 

Mr.  C.  LiDDELL  Simpson,  who  had  seen  some  of  the  engines  which 
had  been  described  in  the  Paper,  agreed  with  what  Mr.  Meysey- 
Thompson  had  said  about  the  Americans  having  opportunities  for 
building  much  larger  engines  than  were  usually  adopted  in  this 
country  for  pumping.  There  were  very  few  pumping  engines  in 
England  as  large  as  600  H.P. ;  there  were  a  few  of  500  H.P.,  but  the 
majority  of  them  were  either  100,  150  or  200  H.P.  With  regard  to 
air-vessels  and  suction  air-vessels,  each  case  had  to  be  taken  into 
special  consideration.  There  were  some  cases  where  suction  air- 
vessels  were  necessary,  and  some  where  the  engines  would  run  quite 
well  without.  It  was  impossible  to  lay  down  any  hard  and  fast  rule 
as  to  whether  they  were  always  necessary ;  every  case  had  to  be 
taken  by  itself. 

Eeferring  to  the  arrangement  of  the  adjustable  crank-pin  on  the 
engines  at  the  Herron  Hill  sub-station  of  the  Pittsburg  Water  Works, 
this  was  nothing  new,  and  had  often  been  adopted  ;  his  own  firm, 
Messrs.  James  Simpson  and  Co.,  had  in  several  cases  of  crank  and 
fly-wheel  engines  fitted  a  sliding  block  into  the  centre  crank.  They 
had  made  it  a  sliding  adjustable  block  which  could  be  got  at  and 
would  permit  of  a  little  give  and  take  in  the  crank-shaft;  and 
Messrs.  E.  P.  Allis  on  their  power  engines  at  the  Glasgow 
Tramway  Power  Station  at  Pinxton,  used  the  same  adjustment 
on  the  crank-shaft.  With  regard  to  the  Chicago  Water  Works,  only 
the  14th  Street  Pumping  Engines  were  mentioned,  but  there  were 
a  great  number  of  other  sub-stations  with  large  pumping  engines — 
for  example,  the  six  sets  of  high-duty  vertical  Worthington  pumping 
engines  at  the  Central  Park  Avenue  and  Springfield  Avenue  Pumping 
Stations,  Chicago,  which  were  made  by  Messrs.  Henry  E.  Worthington 
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of  New  York.  These  had  a  capacity  of  about  22,000,000  gallons 
(U.S.A.)  each  j)er  24  hours.  The  cylinders  were  21  inches  high 
pressure,  33  inches  intermediate  and  60  inches  low  pressure,  with 
34^-inch  plungers,  and  all  having  a  oO-inch  stroke.  The  weight  of 
the  moving  parts  was  balanced  in  a  very  simple  manner  with  a 
special  arrangement  of  air  balance.  On  trial,  these  engines  gave  a 
duty  about  160  to  170  million  foot-lbs.  per  1,000  lbs.  of  steam,  the 
boilers  being  fitted  with  the  "  Foster  "  type  of  superheater.  He 
considered  that  this  was  one  of  the  best  duties  that  had  been  obtained 
on  a  direct-acting  engine — that  was,  one  not  controlled  by  a  crank 
and  fly-wheel.  In  1904  an  order  was  placed  with  Messrs.  Henry 
E.  Worthington  for  two  additional  vertical  high-duty  Worthington 
pumping  engines,  each  having  a  capacity  of  40,000,000  gallons 
(U.S.A.)  per  24  hours,  which  indicated  that  the  direct-acting  engine 
still  held  its  own  as  one  of  the  best  engines  for  economically 
pumping  large  quantities  of  water. 

Turning  to  this  country,  a  small  vertical  high-duty  Worthington 
pump  had  been  built  by  his  own  firm,  but  it  was  only  about 
125  to  130  H.P.  and  the  cylinders  were  12  inches,  20  inches 
and  34  inches  with  a  24-inch  stroke  and  a  13^-inch  plunger. 
It  was  a  vertical  engine  balanced  exactly  in  the  same  way,  and  its 
capacity  was  2^  million  gallons  per  twenty-four  hours  with  12*2  lbs. 
per  P.H.P.  per  hour  with  150^  F.  superheat.  That,  he  thought,  was 
a  very  good  result  for  a  small  engine.  His  firm  had  also  built  20 
high-duty  Worthington  engines  for  Coolgardie.  The  best  trial 
they  had  got  out  of  them  was  just  under  12  lbs.  per  P.H.P.  per 
hour  with  about  100°  to  120°  F.  of  superheat.  The  power  of  the 
engine  was  about  300  H.P.  The  point  he  would  emphasize  was 
that  he  felt  sure  that  if  water  works  or  corporations  would  give 
English  manufacturers  a  chance  of  building  pumping  engines  of 
1,000  H.P.,  such  as  were  built  in  the  United  States,  just  as  good 
results  would  be  obtained.  In  America  the  towns  were  very 
wasteful  with  the  amount  of  water  that  was  given  them,  and  a 
great  number  of  them  used  as  much  as  from  80  to  100  gallons 
(U.S.A.)  per  head.  The  figure  in  this  country,  as  was  well  known, 
was  30  to  33  gallons  per  head.     That  made  a  very  great  difference, 
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and   was   the   reason,  or   one  of  the  reasons,  why   they   had   such 
large  engines  in  the  States. 

Mr.  John  Bare,  in  reply,  thanked  the  members  for  the  free  and 
frank  discussion  of  his  short  Paper.  He  ought  perhaps  to  explain 
that  while  in  America  he  had  no  intention  of  writing  a  Paper  on  the 
subject  of  American  Pumping  Engines ;  and  it  was  only  when  he 
was  asked  to  put  his  notes  on  the  subject  into  the  form  of  a  Paper  for 
the  benefit  of  those  who  had  been  unable  to  join  in  the  meeting  that 
he  had  added  a  few  general  observations  to  give  them  the  dignity  of 
a  Paper. 

In  reply  to  Mr.  Marks,  he  was  sorry  he  did  not  see  the  centrifugal 
pumping  engines  which  raised  the  water  for  the  cascades  at  the  St. 
Louis  Exhibition.  There  was  so  much  to  see  in  the  short  time  at 
his  disposal  that  some  things  had  to  be  omitted.  He  therefore  could 
not  say  how  they  did  their  work ;  but  a  similar  pump  at  Schenectady 
Water  Works,  which  he  did  see  at  work,  was  a  little  disappointing, 
as  the  vibration  and  noise  were  abnormally  great ;  but  it  was  only 
fair  to  say  that  the  pump  was  working  against  a  closed  valve  and 
possibly  the  performance  of  the  puni])  when  pumping  into  the  mains 
might  be  better. 

Referring  to  the  figures  given  in  the  Paper,  on  the  reliability  of 
which  the  speakers  seemed  to  throw  some  doubt,  he  could  only  eay 
that  they  were  given  to  him  by  the  ofiicials  whom  he  met  and  who 
were  in  a  position  to  give  correct  information.  The  figures  with 
reference  to  the  engines  for  Cincinnati  were  given  by  the  makers, 
and  he  understood  them  to  say  their  guarantee  was  160  millions,  but 
that  they  had  good  reason  to  expect  a  duty  on  trial  of  from  160  to 
170  millions.  The  Philadelphia  engines  were  almost  ready  to  set 
to  work,  and  the  Assistant  City  Engineer  stated  that  160  millions 
per  1,000  lbs.  of  steam  was  the  duty  specified.  At  Pittsburg  the 
City  Engineer  himself  informed  him  that  the  large  vertical  compound 
engines  at  Brilliant  pumping  station  gave  a  duty  of  about  140 
millions.  In  conversation  he  expressed  the  opinion  that,  had  the 
engines  been  triple-expansion,  a  considerably  higher  duty  would 
have  been  possible.      In  Chicago  the  engineer  in  charge  at  lith 
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Street  Pumping  Station  stated  tliat  the  engine  gave  155  millions  on 
a  test  run.  In  St.  Louis,  at  Bissell's  Point  Pumping  Station,  the 
engineer  in  charge  of  the  erection  of  the  new  engines,  one  of  whicli 
was  at  work,  informed  him  that  160  millions  had  been  obtained  on 
a  trial  run,  and  that  a  considerable  premium  would  be  due  to  his 
firm  for  exceeding  the  duty  specified.  At  Minneapolis  tho  engineer 
who  accompanied  him  to  the  pumping  station  said  that  the  guaranteed 
duty  was  140  millions.  Coming  now  to  the  Toronto  Water  Works, 
he  had  witb  him  a  specification  of  the  new  triple-expansion  engines, 
and  the  duty  specified  was  165  millions,  under  a  penalty  of  £400  for 
each  million  under  the  165  millions  specified.  He  also  held  a 
specification  of  a  new  triple  engine  for  the  Montreal  Water  Works, 
and  the  duty  specified  was  140  millions,  the  engine  being  smaller 
than  the  Toronto  one.  The  information  given  at  the  foot  of  page  30, 
referred  to  by  Mr.  Marks,  was  furnished  by  Mr.  John  A.  Laird, 
consulting  engineer  of  the  City  of  St.  Louis.  It  was  possible  Mr. 
Marks  might  be  quite  right  in  considering  the  10*51  lbs.  to  be  per 
Indicated  H.P.  If  it  was  really  Pump  H.P.  then  the  duty  would,  as 
Mr.  Marks  stated,  run  up  to  over  188  millions,  and  it  therefore 
looked  as  if  Indicated  H.P.  was  what  Mr.  Laird  meant. 

With  regard  to  the  duty  of  the  Boston  pumping  engine  referred 
to  in  the  Paper  (page  37),  the  figures  given  were,  as  mentioned, 
furnished  by  Mr.  Arthur  Warren  of  the  Allis-Chalmers  Co.  As  to 
the  reliability  of  the  figures,  he  thought  he  had  given  ample 
evidence  of  their  trustworthiness.  He  was  not  interested  in  extolling 
American  results,  but  he  did  consider  that  what  he  had  stated  were 
results  which  had  been  actually  got  and  given  on  the  word  of 
gentlemen  whose  truthfulness  he  believed  to  be  unimpeachable.  He 
did  not  see  or  hear  anything  of  the  Eiedler  Pump  referred  to  by 
Mr,  Marks ;  but  he  was  not  able  to  gather  from  Mr.  Marks  the 
reason  why  he  doubted  the  correctness  of  those  American  results 
when  he  informed  them  in  the  same  breath  that  a  triple-expansion 
engine  at  Leeds  gave  a  duty  of  fully  151^  millions — a  splendid  duty 
of  which  all  ought  to  be  proud,  when  it  was  considered  that  the  engine 
was  a  comparatively  small  one.  It  seemed  to  him  that  the  Americans 
had  probably  greater  experience  and  certainly  more  opportunity  of 
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putting  down  large  triple- expansion  pumping  engines  than  we  Lad 
on  this  side.  He  did  not  doubt  for  a  moment  that,  given  a  similar 
opportunity,  the  American  results  could  be  surpassed. 

Coming  now  to  the  remarks  of  Mr.  Morris  (page  40),  who  he 
was  glad  to  see  stood  up  for  the  "  Old  Country,"  he  was  certain  that 
the  members  of  the  Institution  were  greatly  indebted  to  him  for 
the  splendid  array  of  figures  he  had  given  for  pumping  engines  at 
home ;  and  he  thought  that,  if  his  own  little  Paper  had  done  nothing 
else  but  bring  those  home  performances  to  light,  it  had  effected  a 
good  purpose.  The  members  were  much  obliged  for  the  full 
particulars  Mr.  Morris  gave  of  the  Hornsey  pumping  engines. 
Eegarding  the  diaphragm  in  air-vessels,  he  mentioned  that  because  it 
was  new  to  him.  As  to  reheaters,  they  were  not  uncommon  in 
America,  but  one  American  engineer,  who  had  great  experience, 
expressed  just  what  Mr.  Morris  found  at  Ilornsey,  namely,  that  the 
reheaters  did  not  Rcem  to  be  of  much  benefit ;  but  he  also  stated  (and 
this  might  perhaps  interest  the  members)  that  as  regards  jacket 
steam,  the  best  results  had  been  attained  by  using  steam  at  boiler 
pressure  in  the  high-pressure  jacket,  steam  at  high-pressure  exhaust 
pressure  in  the  intermediate  jacket,  and  steam  at  intermediate 
exhaust  pressure  in  the  low-pressure  jacket.  The  reason  why 
poppet  valves  were  used  in  the  low-pressure  cylinders  in  the  large 
triples  seemed  to  be  that  large  ports  and  small  clearances  were 
easily  got  by  using  poppet  valves. 

On  the  question  of  the  engines  being  jet  or  surface  condensing, 
Cincinnati  was  jet  condensing,  Philadelphia  was  jet  condensing, 
Pittsburg  was  surface  condensing,  Chicago  was  jet  condensing,  and 
with  regard  to  St.  Louis,  Minneapolis  and  Toronto,  he  was  not 
certain,  but  believed  them  to  be  surface  condensing. 

With  reference  to  the  remarks  made  that  evening,  he  would  first 
reply  to  Mr.  Meysey-Thompson  (page  46),  who  asked  why  poppet 
valves  were  used  on  the  low-pressure  cylinders.  He  was  not  quite 
certain  on  that  point,  but  he  thought  it  was  principally  because  the 
large  engines,  with  low-pressure  cylinders  of  about  90  or  94  inches 
diameter,  required  very  large  ports  indeed,  and  some  of  them  had 
two  poppet  valves  in  the  top  and  two  in  the  bottom,  the  reason  being 


Feb.  1905.  AMERICAN   PUMPING    ENGINES.  53 

that  they  got  small  clearances  and  large  areas.  Eegarding  suction 
air-vessels  with  suction  valves,  the  vertical  type  of  engine  did  not 
lend  itself  very  readily  to  suction  air-vessels  directly  above  the 
valve,  because  usually  the  suction  valve  was  right  underneath  the 
delivery  valve.  Mr.  C.  Liddell  Simpson  had  remarked  that  the 
positions  of  air-vessels  depended  altogether  on  circumstances,  and 
he  thought  that  was  right,  because  in  several  cases  in  America  the 
suction  came  in  under  a  pressure.  In  many  other  cases  the  engines 
drew  their  water  8,  10,  or  12  feet,  as  the  case  might  be,  but  the 
majority  of  the  engines  he  saw  had  a  large  suction  air-vessel  on  the 
suction  main  just  before  branching  oif  to  the  various  pumps. 

TVith  reference  to  the  crank-pin  adjustment,  Fig.  5  (page  27),  he 
thought  the  square  block  on  the  end  of  the  crank-pin  which  worked 
in  the  slot  in  the  crank-web  would  give  a  much  better  wearing 
surface  than  a  round  pin  working  in  an  oval  hole  ;  and  no  doubt  this 
was  the  reason  for  employing  the  square  block.  With  regard  to  the 
duties  generally,  he  did  not  think  he  had  said  anywhere  in  his  Paper 
that  the  American  duties  were  better  than  those  obtained  in  this 
country,  but  he  thought  that  what  had  been  said  by  one  of  the 
speakers  was  quite  true—  that  the  Americans  had  better  and  greater 
opportunities  of  making  larger  engines  than  manufacturers  in  this 
country,  and  therefore  they  were  better  able  to  produce  higher 
duties  in  most  cases.  With  reference  to  Mr.  Simpson's  remarks,  he 
was  not  aware  that  the  "  accommodation  "  crank-pin  had  been  used  in 
this  country,  and  was  glad  to  hear  Mr.  Simpson  had  seen  it.  He  did 
not  know  whether  the  engines,  for  which  Mr.  Simpson  had  given 
figures,  referred  to  Chicago  or  not.  The  only  pumping  station  he 
visited  in  Chicago  was  the  14th  St.  Station,  and  in  that  station  they 
liad  veitical  triple-expansion  rotatory  engines. 


Communications. 

Mr.  H.  F.  EuTTEB  wrote  that  though  the  Paper  contained  little 
that  was  new,  it  was  not  the  fault  of  the  author,  but  rather  an 
indication  |of  the  fact  that  pumping-engine  practice  had  for  the  time 
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crystallised  in  the  form  of  the  triple-expansion  inverted  cylinder 
engine  with  three-throw  pumps.  The  writer  had  not  the  time  to 
visit  the  States  with  the  Institution  last  year,  but  he  had  made  a 
somewhat  extensive  study  of  large  pumping  engines  there  in  1899, 
and  had  found  that  all  the  principal  points  referred  to  by  the  author 
were  then  incorporated  in  the  most  advanced  practice.  Given  the 
necessity  for  the  use  of  a  reciprocating  pump,  the  type  above  referred 
to  had  many  obvious  advantages.  It  might,  however,  be  still  worth 
while  to  investigate  fui-ther  the  possibility  of  improvement  by 
altering  the  usual  arrangement  of  the  cylinders,  and  coupling  the 
low-pressure  piston  to  the  middle  crank. 

Touching  the  remarks  of  Mr.  Morris  at  the  last  Meeting  as  to 
reheaters  (page  45),  his  conclusion  that  little  or  no  economy 
resulted  from  their  use  was  of  course  amply  confirmed  by  experiment. 
It  might,  however,  be  well  to  place  on  record  the  fact  that  the  use 
of  reheaters  did  add  appreciably  to  the  capacity  of  the  engine. 

The  remarks  as  to  steam  consumiition  claimed  by  rival 
manufacturers  might  perhaps  be  amplified  as  followed.  Tests  made 
by  many  independent  authorities  might  without  doubt  be  accepted 
as  entirely  trustworthy.  But,  even  in  such  cases,  the  bare  results 
were  too  often  quoted  without  a  sufficient  explanation  of  the 
conditions.  For  instance,  the  water  raised  might  have  been  deduced 
from  the  gross  displacement  of  the  plungers,  or  an  allowance  might 
have  been  made  for  slip,  or,  in  rare  instances,  the  discharge  might 
have  been  actually  measured.  Without  a  common  basis  in  this 
respect,  comparison  was  impossible.  Further,  there  prevailed  in 
America  the  custom  of  surrounding  the  main  engine  with  satellites 
in  the  shape  of  independent  air-pumps  and  feed  pumps,  thus 
relieving  the  main  engine  of  duties  commonly  discharged  by  it  in 
this  country.  In  these  days  of  superheat  too,  it  was  very  necessary 
that  it  should  be  stated,  when  a  steam  consumption  was  given, 
whether  superheat  had  been  used,  and  to  what  extent. 

The  remarks  made  with  reference  to  the  relative  flexibility  in  use 
against  varying  loads  of  single,  compound,  and  triple  expansion 
engines  were  directed  to  power  units  working  with  a  constant  steam 
pressure,  and  were  of  course  correct.     The  writer  had,  however,  in 
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the  case  of  large  lumping  engines,  found  by  experience  tlie  immense 
advantage  of  varying  the  steam  pressure  supplied  to  engines  which 
had  at  times  to  work  against  heads  above  or  below  those  for  which 
the  engines  were  originally  designed.  By  this  means  the  actual 
usefulness  of  an  engine  might  be  greatly  increased. 

Mr.  William  Schonheyder  wrote  that  he  would  be  glad  to  knou 
what  arrangements  were  made  for  working  the  suction  under  pressure 
(page  22,  par.  5) — was  the  suction-water  first  pumped  up  into  an 
overhead  tank,  say  by  a  centrifugal,  as  was  the  general  practice  at 
hydraulic  stations  in  this  country,  or  Avas  the  pump  placed  deep 
down  in  a  well,  or  how '?  On  page  24  it  was  stated  that  a  pump  was 
pumping  against  "  a  closed  valve "  ;  this  should  either  be  '•  a 
weighted  valve  "  or  "  a  partly  closed  valve." 

Would  the  author  kindly  supplement  his  Paper  with  an  exact 
sketch  of  one  of  the  3^-inch  spring-loaded  valves  mentioned  in 
page  25,  line  7,  stating  the  number  in  use,  the  size  of  pump  with 
length  of  stroke  and  number  of  revolutions  per  minute — of  course  of 
a  satisfactory  working  engine. 

Mr.  Babr  wrots  that  in  several  of  the  engines  (if  not  all  of  them) 
described  in  the  Paper,  the  air  and  feed  pumps  were  on  the  main 
engine,  so  that  the  steam  used  for  these  auxiliaries  was  included  in 
the  duty  given  for  the  engine.  So  far  as  the  author  recollected, 
Minneapolis  was  the  only  place  where  superheated  steam  was  used. 

In  reply  to  Mr.  Schonheyder,  the  suction-water  flowed  into  the 
pump  under  a  head  of,  in  some  cases,  as  much  as  50  lbs.  per  square 
inch,  and  was  connected  direct  to  the  pump  suction  main.  Thus, 
if  the  engine  was  pumping  against  a  head  of,  say,  150  lbs.  per 
square  inch,  the  real  head  on  the  pumps  was  only  100  lbs.  The 
centrifugal  pump,  referred  to  on  page  24,  was  pumping  against 
a  closed  valve  when  the  author  saw  it  at  work.  The  pressure  on  the 
discharge  side  of  the  pump  was  100  lbs.  per  square  inch,  and 
connection  had  not  been  made  with  the  city  mains.  The  author 
sent  a  sketch  of  pump  valve,  Fig.  16  (page  56)  as  nearly  as  he 
could  remember  it.     He  did  not  know  how  many  of  these   were 
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emj)loyed  in  the  Cincinnati  engines,  but  on  page  29  he  gave  the 
number  used  in  the  St.  Louis  engines,  which  were  about  the  same 
power  as  those  at  Cincinnati.  The  diameter  of  the  plungers  and  the 
length  of  stroke  were  also  given. 

Fig.  16. 

3J-in.  diaiu. 

Suction  and  Delivery  Valve. 

Cincinnati  Water  Works. 
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SOME   FEATURES  IN   THE  DESIGN  AND 
CONSTRUCTION  OF   AMERICAN  PLANING  MACHINES. 


By  Mr.  AECHIBALD   KEXKICK,  Jun.,  Associate  Member, 
OF  Ti"XB?viDGE  Wells. 


Between  tliis  country  and  America  there  is  a  JiffercncG  of 
conditions,  -wliicli  manifests  itself  all  tlirougli  the  design  and 
construction  of  a  macliine,  from  the  general  features  down  to  the 
smallest  detail.  America  is  a  huge  developing  country,  with  a  large, 
ever-increasing  and  sure  market  for  her  goods;  hence  people  aro 
readier  to  specialise  in  one  article  than  they  are  here.  Likewise 
there  is  a  greater  demand  for  labour,  and  it  commands  a  very  high 
price.  Therefore  every  eflfort  is  made  to  minimise  labour.  To  effect 
this,  in  the  case  of  machine  tools,  they  must  be  made  as  far  as 
possible  automatically,  which  results  in  the  manufacture  of  standard 
patterns.  Buyers  cannot  afford  to  have  their  whims  and  caprices 
attended  to ;  they  must  buy  what  they  can  get  manufactured. 
Further,  the  tool  in  its  turn  when  in  use  must  take  a  minimum  of 
human  time  in  manipulation,  and  must  not  produce  bad  work,  which 
wastes  labour  to  rectify.  Minimum  of  attention  seems  to  come 
before  maximum  of  output,  as  is  seen  when  one  casually  glances  at 
half-a-dozen  automatic  lathes  under  one  operative.  The  lathes  are 
working  well  within  their  power,  evidently  because  they  cannot  be 
closely  watched  and  nursed ;  whereas  full  value  is  got  out  of  the 
man.  Thus  there  are  many  instances  of  American  firms  specialising 
in  one  tool  and  adhering  to  standard  patterns  even  in  this.  Great 
excellence  of  quality  and  refinement  of  detail  is  the  result.  But 
this  state  of  things  would  no  doubt  tend  to  the  ossification  of  ideas, 
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if  not  more  tlian  counterbalanced  by  the  spirit  of  enterprise  bred 
in  a  great  developing  nation  and  enhanced  by  the  exhilarating  effect 
of  their  climate. 

Several  works  where  planing  machines  are  made  were  visited  by 
the  author,  and  machines  were  seen  in  operation  in  many  places.  A 
Cincinnati  firm  afforded  the  best  example  of  a  factory  where  nothing 
but  planers,  and  these  of  the  most  ordinary  and  useful  sizes,  were 
made.  This  firm  was  also  the  readiest  in  giving  information.  The 
machines  seen  in  America  were  made  of  distinctly  thin  metal 
throughout ;  and  the  outside  appearance  was  everything  that  could 
be  desired.  Better  shapes  can  be  given  to  castings  if  their  models 
are  kept  standard  and  are  not  altered.  In  one  works,  to  economise 
shop  room,  only  the  cross-slides,  boxes,  gearing,  feed  motion  and 
other  light  parts  were  made  to  stock.  The  heavier  parts  were  cast, 
and  quickly  got  up  when  an  order  was  received. 

Beds  mostly  have  the  usual  V's,  planed  considerably  more  acute 
than  90',  and  are  generally  lubricated  with  rollers.  The  V  has  the 
advantage  of  requiring  no  setting-up  slips ;  while  flat  ways  are  easier 
to  lubricate,  to  get  true  on  foundations  and  to  keep  true  afterwards ;  all 
especially  useful  for  long  machines.  Flat  ways  also  are  better  for 
heavy  work.  In  the  larger  sizes  many  new  machines  were  made  with 
a  guiding  V  on  one  side  and  a  flat  on  the  other. 

Tables  are  furnished  with  longitudinal  T-groovcs  and  dog-holes 
at  intervals.  The  Cincinnati  firm  find  it  better  to  drill  these  holes 
to  jig  instead  of  casting  the  usual  square  holes.  This  saves 
trouble  with  core  prints,  and  gives  the  table  a  better  surface  to 
machine. 

The  cross-slides  have  a  rectangular  guide  at  the  top  with  some 
sort  of  slip,  and  a  V  guide  near  the  bottom.  Fig.  1.  American 
machines  do  not  plane  on  the  return  stroke,  and  this  arrangement 
forms  a  first-class  support  for  the  cutting  stroke. 

The  drive  is  done  in  many  different  ways.  The  most  usual  one 
is  by  rack  and  pinion  and  spur  gearing  throughout  up  to  the  pulleys. 
At  Cincinnati  the  pinion  was  of  an  unusually  large  diameter,  having 
about  thirty  teeth.  This  was  done  to  give  a  steady  motion  to  the 
table.     The  pinion  was,  of  course,  well  keyed  to  a  short  stout  shaft. 
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At  the  end  of  the  stroke,  the  table  knockers,  transmitting  motion 
through  levers  and  links,  strike  the  belts.  There  are  two  of  these, 
one  for  cutting  and  one  for  running  back.  Narrow  single  belts 
at  very  high  velocities  are  used,  to  offer  the  least  possible  resistance 
to  striking.  The  width  of  belt  for  a  3-feet  wide  machine  is  about 
IJ-  inch.  For  larger  machines,  spiral  pinion  and  rack  to  drive  the 
table  is  used  extensively.     The  angle  between  the  spiral  shaft  and 


Fig.  1. — Section  of  Cross-Slide 
carrying  Tool-Box  Saddle. 


Fig.  2. 
Speed-changing  Device. 


the  rack  is  not  4.5'  but  considerably  more  acute,  say  40'  or  less.  At 
Cincinnati  the  shaft  bearing  and  pinion  oil-bath  are  made  in  a  casting 
separate  from  the  bed,  for  convenience  of  manufacture.  Thereby 
they  avoided  having  to  bore  the  bed  on  the  skew.  The  rack-teeth 
were  milled,  and  the  spiral  was  miUed  in  the  lathe.  Both  were  made 
of  cast-iron.  The  pulley-shaft  geared  up  to  the  spiral  pinion  shaft 
with  bevel  wheels. 
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The  pulley-shaft  and  countershaft  were  made  exceedingly  heavy 
and  of  best  tool  steel,  so  as  to  run  very  steadily,  to  bear  evenly  in  the 
long  cast-iron  bearings  (which  were  not  made  to  swivel),  and  to  wear 
for  a  very  long  time.  Pulleys  keyed  on  to  such  shafts  would  never 
come  loose  with  the  roughest  wear.  The  countershaft  was  run  in 
cast-iron  long  bushes,  which  were  held  in  position  in  their  hangers 
by  running  in  babbitt  in  the  annular  space  between  the  bush  and  the 
hanger.     This  was  done  when  everything  was  in  alignment. 

All  spur-gear  was  milled  and  all  bevel-gear  planed,  and  every 
pair  of  wheels  was  run  at  the  correct  centres  and  angle  in  a  special 
machine  before  assembling.  By  these  precautions  very  smooth 
running  was  obtained.  This  was  well  shown  by  a  glass  of  water 
placed  on  a  moving  table  in  which  no  ripple  was  visible,  except  at 
reversal. 

Jigs  are  used  for  almost  everything.  The  table  and  bed  V's  arc 
each  planed  to  jigs,  and  the  result  is  so  good  that  all  that  is  necessary 
to  finish  is  to  scrape  ofi"  the  mark  of  tool.  This  does  not  apply  to  the 
cross-slide,  which  has  to  be  got  up  more  carefully.  The  bolt-holes 
to  attach  the  arms  to  the  bed  and  cross-head  were  drilled  to  templet ; 
and  the  parts  came  together  without  a  hitch.  They  stop  only  at 
drilling  steady-pin  holes  to  jig.  The  following  is  a  remarkable 
example  of  the  i)recision  of  their  work  : — 

The  pulley-shaft  had  to  fit  its  bearings  and  several  fast-and-loose 
l)nlleys  without  any  letting  up  afterwards.  On  its  running  surfaces 
two  spiral  oil-grooves  were  cut  in  the  lathe.  These  spirals  were  of 
opposite  hands,  and  intersected  at  a  certain  point.  An  oil-hole  was 
drilled  in  the  bearings,  and  when  the  shaft  was  inserted  the  oil-hole 
always  came  opposite  the  desired  i)oint,  which  was  the  intersection  of 
the  two  oil-grooves. 

Some  firms  employ  friction  clutches  in  the  drive  instead  of 
belt  striking  gear,  especially  for  the  larger  machines.  These  are 
easier  to  throw  than  belts,  and  they  give  rise  to  less  variation 
in  the  length  of  stroke.  Still  better  results  in  this  direction 
were  obtained  by  a  new  device  seen  on  an  8-foot  square  machine, 
where  at  the  points  of  reversal  a  cock  opens  admitting  compressed 
air   which   blows   the   clutch   across   from   one   gear  to  the  other. 
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Friction-clutch  macliines  are  motor-driven  very  conveniently  without 
a  countershaft.  Two  other  forms  of  drive  were  seen  at  Cleveland  in 
which  electricity  played  a  prominent  part  in  reversing.  In  one,  an 
electro-magnetic  clutch  was  pulled  alternately  to  the  direct  and  to 
the  reverse  gear.  In  the  other,  the  knockers  threw  a  switch  which 
reversed  the  field  magnetism  and  so  the  rotation  of  the  motor,  and 
also  gave  it  a  quick  return  speed.  It  was  done  by  a  new  type  of 
Westinghouse  motor  which  was  attached  to  one  of  their  existing 
machines.     This  seems  to  be  the  most  direct  way  of  all. 

In  American  planers  a  very  high  rate  of  speed  is  obtained  on  the 
quick  run-back  stroke,  being  about  four  or  five  times  the  cutting 
speed.  But  the  cutting  speed  is  nothing  extraordinary,  and  the 
quick-cutting  steels  do  not  seem  to  have  asserted  themselves  yet. 
When  they  do,  they  will  raise  the  speed  of  the  cutting  stroke,  but 
not  that  of  the  return,  which  is  probably  already  as  high  as  is 
feasible.  The  next  step  may  be  to  run  the  machine  at  a  constant 
high  speed  both  strokes,  and  cut  with  double-cutting  tool-holders. 
At  present  they  do  not  seem  to  press  the  output  of  machines  to  their 
utmost  limit,  but,  as  in  the  case  of  the  automatic  lathes  mentioned 
above,  so  with  all  but  the  largest  planing  machines,  they  prefer  to 
have  many,  taking  little  attention,  under  one  man.  Nor  are  broad 
feeds  supplied  for  quick  finishing  cuts.  The  simple  pawl  feed  from 
a  jumping  rack  at  the  side  of  the  arm  was  used  everywhere,  and  the 
momentum  of  the  moving  parts  at  reversal  supplied  the  power  to 
move  the  jumping  rod.  In  several  works  where  they  wished  to 
increase  the  output  of  existing  machines,  planers  were  run  from  a 
Eeeve's  variable  speed  countershaft,  which  gave  great  satisfaction. 
Where  a  few  machines  have  to  do  a  large  variety  of  work  differing 
in  hardness  and  class,  it  is  clearly  an  advantage  to  be  able  to  vary 
the  cutting  speed.  On  hard  stuff  or  in  a  cramped  position  it  is 
desirable  to  run  much  slower  than  usual. 

Another  new  speed-changing  device  was  shown  at  the  St.  Louis 
Exhibition.  This  was  based  on  the  familiar  apparatus  consisting  of 
two  cast-iron  taper  cones  geared  together  by  a  belt  with  forks  to  locate 
the  belt  and  keep  it  from  climbing.  For  the  forks  were  substituted 
two  guide-pulleys  as  shown  in  Fig.  2  (page  59).     This  arrangement 
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allows  a  good  length  of  belt,  and  obviates  the  continual  friction  on 
^he  forks.  The  belt  was  a  link  belt  (though  it  might  have  been  a 
common  belt),  and  was  kept  tight  by  springs  acting  on  the  guide 
pulleys.  It  worked  well  and  had  great  driving  power.  A  two- 
speed  countershaft  or  a  pair  of  stepped  cones  would  no  doubt  servo 
nearly  as  well  for  this  purpose. 

The  cross-slide  is  commonly  raised  by  a  chain  and  wheel  at  the 
end  of  a  horizontal  shaft  in  the  crosshead.  In  the  larger  machines  a 
j)ulley  is  placed  on  the  shaft,  and  in  motor-driven  machines  a  separate 
motor  is  used.  In  some  very  large  machines  motors  were  used  for 
moving  all  the  boxes  as  well. 

The  Paper  is  illustrated  by  2  Figs,  in  the  letterpress. 


Discussion  on  20th  January  1905. 

The  President  thought  the  members  would  agree  with  him  that 
the  Paper  showed  a  very  intimate  kuowledge  of  the  details  of  planing 
machines,  and  an  intelligent  observation  of  the  methods  adopted, 
both  in  the  design  and  manufacture  of  machines,  in  the  States.  He 
asked  the  members  to  convey  by  their  applause  their  thanks  to 
Mr.  Kenrick  for  his  Paper. 

The  resolution  of  thanks  was  carried  by  acclamation. 

Mr.  L.  Pendred  said  he  hoped  there  were  present  some  makers  of 
machine-tools — particularly  planers — who  would  direct  their  attention 
to  the  details  of  these  machines.  The  author  had  raised  several 
interesting  points  in  his  Paper,  and  had  given  an  excellent 
brief  review  of  American  practice.  He  thought,  however,  that 
British  machine-tool  makers  could  show  that  as  good  work  was 
designed  in  this  country  as  any  that  had  been  seen  in  America.  He 
would  like  to  say  a  word  or  two  about  the  reversing  gears  to  which 
Mr.  Kenrick   had   called   attention.      Three   such   gears  had  been 
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mentioned  ;  all  were  interesting  as  attempts  to  solve  one  of  tlie  most 
difficult  problems  presented  to  the  designer  of  planing  machines 
— that  of  the  reversing  motion.  He  did  not  regard  any  of 
these  gears  as  a  final  solution  of  the  problem.  They  consisted  of  a 
pnemnatic  device,  a  magnetic  device,  and  an  electric  gear.  The  first 
■was  open  to  the  objection  that  it  added  to  the  complication  of  the 
machine,  and  involved  the  use  of  compressed  air,  which  was  to  be 
obtained  either  from  the  shop  main  or  from  the  machine  itself. 
Moreover,  although  it  worked  well,  it  was  no  better  than  a  mechanical 
device,  and  by  introducing  more  parts  in  inaccessible  places  it  added 
to  the  cost  of  purchase  and  upkeep.  The  same  objection  of 
complication  attached  to  the  magnetic  reverse,  and  certainly  there 
was  greater  liability  to  breakdown.  Judging  from  the  outside  view, 
there  was  the  defect  that  a  heavy  disc  rotating  at  a  high  speed  had 
to  be  reversed  at  each  change  of  direction,  and  there  was  no  more 
effectual  way  of  wasting  power  in  a  planing  machine  than  by 
reversing  a  rapidly-rotating  and  heavy  body.  The  electric  reversing- 
gear  was  an  exceedingly  pretty  thing,  and  worked  beautifully,  but 
the  same  objection  again  applied.  When  it  was  remembered  that 
the  armature  would  possibly  weigh  about  300  lbs.,  and  run  at  700 
turns  per  minute,  the  fact  that  much  power  was  involved  in  starting 
and  stopping  it  was  not  difficult  to  appreciate.  The  reversing  gear 
was  very  neat,  but  it  introduced  a  number  of  moving  and  wearing 
parts,  and  therefore  could  hardly  be  called  simple.  In  one  gear, 
with  which  the  speaker  was  allowed  to  make  several  rough  tests, 
there  were  two  panels,  each  panel  having  four  switches,  each  worked 
by  a  solenoid,  besides  the  reversing-switch]  itself.  The  electric 
action  was,  the  speaker  understood,  as  follows :  After  switching  on 
the  current,  the  motor  rapidly  attained  a  certain  speed,  generating  a 
back  electromotive  force ;  this  was  at  length  high  enough  to  energise 
the  first  solenoid,  which  threw  in  the  first  switch,  cutting  out  the 
resistance  and  allowing  the  speed  to  ascend  until  the  next  switch  was 
similarly  drawn  in.  The  action  was  very  rapid,  and  it  seemed  quite 
impossible  to  upset  the  action  by  moving  the  reversing  switch 
rapidly  backwards  and  forwards.  In  all  these  gears,  however,  it 
would  not  be  right  to  assume  that,  because  they  worked  well,  they 
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were   therefore   satisfactory ;    cost,   wear,   iip-keep,   and   experience 
involved  in  tlieir  use,  were  points  wliicli  had  to  be  considered. 

Mr,  Kenrick  had  referred  to  a  change-speed  gear,  and  change- 
speed  gears,  as  a  whole,  enforced  this  very  point.  At  the 
Westinghouse  Works  Mr.  Christopher  James  and  the  speaker  were 
allowed  to  read  a  confidential  report  on  twenty-five  change-speed 
gears,  based  on  tests  made  by  the  company's  engineers.  Some  of  the 
machines  had  reputations,  others  had  "  pasts,"  biit  not  one  out  of  the 
twenty-five  was  considered  able  to  fulfil  the  not  very  onerous 
conditions  laid  down,  and  most  of  them  failed  because  of  a  high  rate 
of  wear  and  tear.  Some  wore  out  their  belts,  and  some  wore  out  the 
pins  or  the  teeth.  Opposing  cone  gears  were  always  hard  on  their 
belts  unless  they  were  worked  far  below  their  capacity.  Some  gears 
made  too  much  noise,  and  some  failed  to  have  an  efficiency  that 
would  bring  thera  inti>  the  market  at  all.  Finally,  the  speaker 
thought  there  was  still  considerable  scope  for  invention  in  the 
planing  machine,  particularly  in  the  direction  of  the  variable-speed 
gear,  and  a  really  simple  and  efiective  reverse. 

Mr,  Daniel  Adamson  said  that,  although  he  had  not  given 
the  subject  the  attention  the  last  speaker  had,  he  thought 
Mr.  Pendred  had  omitted  to  observe  one  of  the  most  important  points 
in  connection  with  the  reversing  of  a  jjlaning  machine,  namely,  the 
element  of  time.  The  action  of  the  switches,  which  was  well 
illustrated  by  Mr.  Pendred  rapping  upon  the  table,  made  the  electrical 
arrangement  very  slow.  The  pneumatic  clutch  was  very  good,  but 
while  in  America  he  was  given  to  understand  that  if  used  on  short 
strokes  it  gave  trouble  by  over-heating. 


Discussion  on  lltli  February  1905. 

Mr.  C.  LiDDELL  Simpson  said  that  a  good  many  of  the  members 
would  remember  having  seen  a  planing  machine  called  the  Gray. 


.Tax.  1905. 


AMERICAN    PLANING    MACHINES.  65 


It  was  driven  by  very  fast-running  belts,  had  a  very  quick  return, 
and  ran  very  nicely  indeed.  The  same  ideas  were  being  embodied  on 
planing  machines  now  being  built  by  a  great  many  makers  in  this 
country.  The  old  form  of  planer  driven  by  a  worm  gear,  which  was 
designed  by  Messrs.  William  Sellers  and  Co.  of  Philadelphia,  he 
thought  should  receive  more  attention  than  it  had  done.  It  ran  very 
well,  and  used  to  be  made  by  Messrs.  Sharp,  Stewart,  of  Manchester. 
Having  now  come  to  such  high-speed  tools,  he  thought  that  a  form 
of  planer  driven  with  a  worm  with  very  fast-running  gear  would 
be  worth  the  attention  of  the  tool  makers. 

Mr.  Kenrick,  replying,  said  that  there  had  been  but  little 
criticism  on  his  Paper.  Mr.  Simpson  had  said  that  he  thought  the 
Sellers  geared-machine  ought  to  have  more  attention  paid  to  it.  In 
America  the  Gray  Co.  made  that  and  their  own  machine,  and,  of 
course,  Messrs.  William  Sellers  and  Co.  made  the  Sellers  geared- 
machine  ;  but  there  was  at  least  one  firm  in  England  besides  the 
Manchester  firm  making  this  type,  namely,  Messrs.  Joshua  Buckton 
and  Co.  of  Leeds,  who  had  made  it  for  a  long  time.  Their  spiral 
pinions  being  cut  in  steel  and  case-hardened  were  very  suitable  for 
hard  work  and  the  high  speeds  Mr.  Simpson  spoke  of.  He  thought 
the  criticisms  of  Mr.  Pendred  and  Mr.  Daniel  Adamson  about  the 
various  new  methods  of  reversing  were  on  the  whole  very  well 
founded ;  but  with  regard  to  the  pneumatic  reverse,  it  had  to  be 
remembered  that  if  it  introduced  further  complications,  it  at  the 
same  time  displaced  a  train  of  ramshackle  links  and  levers,  and  was 
certainly  a  neat  way  of  actuating  a  friction-clutch,  which  in  the 
author's  opinion  was  the  best  way  of  reversing  a  large  high-speed 
planer.  This  opinion  was  founded  on  the  following  considerations. 
Kinetic  energy  accumulated  and  had  to  be  dissipated  and  renewed, 
or  else  given  and  taken  from  some  sort  of  buffer  at  the  end  of  each 
stroke.  In  either  case  the  more  the  energy  accumulated,  the  longer 
would  be  the  time  of  reversal  or  the  greater  the  shock.  Kinetic 
energy  accumulated  mainly  in  two  places — the  table  with  the  work, 
by  virtue  of  its  great  mass ;  and  the  pulley-shaft,  by  virtue  of  its 
high  velocity.     In  a  belt-reversed  machine,  about  as  much  energy 
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accumulated  in  tbe  fast  pulley  rim  as  in  tlie  reciprocating  mass — it 
might  be  more  or  it  might  be  less.  The  surfaces  of  friction-clutches 
did  not  require  to  run  at  anything  like  the  velocity  that  light, 
easily-struck  belts  required  to  transmit  the  same  power.  Therefore, 
with  friction  clutches,  there  was  little  more  than  the  inertia  of  the 
table  to  overcome,  which  was  already  partly  balanced  by  the  friction 
of  the  ways.  Hence,  more  heat  would  be  produced  at  the  striking  of 
a  belt  than  at  the  engagement  of  a  friction-clutch  ;  but  in  the  latter 
case  good  ventilation  or  other  means  of  cooling  should  be  provided  to 
prevent  overheating  on  short  strokes. 


Communication. 


Mr.  E.  KiLBURN  Scott  wrote  that  he  was  glad  the  author  had 
referred  to  the  very  neat  speed-changing  device  by  cones  and  guide 
pulleys,  which  dispensed  with  belt  forks. 

In  electric  motor  driving  work  there  was  a  sort  of  craze  at  the 
present  time  to  carry  out  all  speed  changing  by  regulation  of  electric 
motor  speeds,  with  the  result  that  larger  and  more  expensive  motors 
and  controllers  were  necessary.  This  method  also  generally 
entailed  greater  tendency  to  sparking,  and  very  often  the  power 
was  reduced  by  reason  of  reduced  speed  just  at  the  very  moment 
when  it  was  most  required.  In  a  3-phase  motor  there  was 
difficulty  in  changing  speed,  and  this  was  often  put  forward  as  a 
reason  why  the  direct  current  motor  should  al\rays  be  used  in  motor 
installations.  As  a  matter  of  fact,  however,  if  the  millwrighting 
part  of  the  installation  was  properly  taken  in  hand  there  was  no 
disadvantage  at  all.  This  he  thought  was  conclusively  shown  by 
the  fact  that  two  of  the  largest  electrical  factories  in  the  world,  the 
British  Westinghouse  Works  at  Traflord  Park,  Manchester,  and  the 
works  of  the  Allgemeine  Elektricitiits  Gesellschaft  in  Berlin  were 
equij)ped  throughout  with  3-phase  motors.  The  use  of  such  a 
speed-changing  device  as  the  author  referred  to,  with  cones  and  guide 
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pulleys,  went  far  to  obviate  the  necessity  of  changing  motor  speeds. 
Electrical  engineers  were  lacking  as  a  rule  in  niillwrighting 
knowledge,  and  frequently  went  to  all  sorts  of  trouble  and  expense  to 
obviate  a  little  belting  or  a  well  known  and  tried  mechanical  device. 

Mr.  Kenrick,  in  reply  to  Mr.  Kilburn  Scott,  wrote  that  he  had 
been  under  the  impression  that  those  who  used  electric  power  and 
drove  machines  with  separate  motors  would  prefer  to  vary  the  motor 
speed  direct,  and  not  use  an  intermediate  gear.  He  believed  that 
the  defects  of  the  gear  illustrated  were  low  efficiency  and  small 
speed  range,  only  2^  to  1.  For  planers  he  deprecated  the  use  of  any 
such  gear,  and  preferred  the  system  of  having  two  or  three  changes 
of  toothed  gears  corresponding  with  the  two  or  three  classes  of 
material  to  be  cut. 
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ENGINES  AT  THE  POWER-STATIONS,  AND  AT   THE 
ST.  LOUIS  EXHIBITION. 

By  Mb.  ALFRED   SAXON,  Member,  of  Manchesteb. 


The  author  of  this  Paper,  before  proceeding  to  the  Joint  Meeting 
in  Chicago,  took  the  opportunity  of  visiting  two  of  the  large  power- 
stations  in  New  York,  namely,  the  Manhattan  Division  Power-House 
in  74th  Street,  and  the  Interborough  Eapid  Transit  Power-House, 
Figs.  1  and  2  (pages  72  and  73)  situated  between  58th  and  59th 
Streets.  At  the  former  station  the  plant  was  seen  in  full  operation,  but 
the  latter  station  was  not  quite  completed.  Both  stations  are  equipped 
with  the  Manhattan  type  of  combined  twin  vertical  and  horizontal 
compound  engine,  Fig.  3  (page  74),  with  a  rated  power  of  7,500 
I.H.P.,  but  capable  of  developing  50  per  cent,  overload  when 
required.  As  a  comparison  of  the  engines  in  the  two  stations  may 
be  of  interest,  a  summary  of  the  principal  sizes  is  given  in  the 
following  Table  1  (page  70). 

The  guarantees  under  which  the  main  engines  for  the  Rapid 
Transit  Co.  are  being  furnished,  and  which  will  govern  their 
acceptance  by  the  purchaser,  are  in  substance  as  follows :  (1st)  The 
engine  will  be  capable  of  operating  continuously  when  indicating 
11,000  horse-power  under  the  conditions  of  steam-pressure  and 
speed  mentioned,  and  a  26-inch  vacuum,  without  abnormal  wear, 
jar,  noise  or  other  objectioiiable  results.  (2nd)  It  will  be  suitably 
proportioned  to  withstand  in  a  serviceable  manner  all  sudden 
fluctuations  of  load,  as  are  usual  and  incidental  to  the  generation  of 
electrical  energy  for  railway  purposes.  (3rd)  It  will  be  capable  of 
operating  with  an  atmospheric  exhaust  with  2  lbs.  back-pressure  at 
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Manhattan. 
74th  Street. 

Rapid 

Transit. 
58th  Street. 

Diameter  of  high-pressure  cylinders 

.  inches 

41 

42 

„         ),  low          ,,              ,, 

. 

88 

86 

Batio  of  cylinders          .... 

4tol 

4-19  to  1 

Stroke 

.  inches 

60 

60 

Speed  ......         revs. 

per  min. 

75 

75 

Steam  pressure  at  throttle 

.       lbs. 

150 

175 

Indicated  horse-power  at  best  efficiency  . 

7500 

7500 

Diameter  of  low-pressure  piston-rods 

.  inches 

8 

10 

„         „  high      „           „        „ 

• 

8 

10 

„         ,,  crank-pia 

. 

18 

20 

Length  of  crank-pin      .... 

• 

18 

18 

Type  of  low-pressure  valves    . 

• 

[  Double  1 
ported   > 
Corliss  ) 

[   Single 
<    ported 
[  Corliss 

„     „  high      „           „        .         .         . 

• 

Corliss 

/  Poppet 
I    Type 

Diameter  of  shaft  in  journals 

.  inches 

34 

34 

Length  of  journals         .... 

. 

60 

00 

Diameter  of  shaft  in  hub  of  revolving  element 

.       „ 

37A 

37^ 

the  low-pressure  cylinders,  and  when  so  operating  will  fulfil  all  the 
operating  requirements,  except  as  to  economy  and  capacity.  (4th)  It 
will  be  proportioned  so  that,  when  occasion  shall  require,  it  can  be 
operated  with  a  steam-pressure  at  the  throttles  of  200  lbs.  above 
atmospheric-pressure,  under  the  mentioned  conditions  of  the  speed 
and  vacuum.  (5th)  It  will  be  proportioned  so  that  it  can  be  operated 
with  steam-pressure  at  the  throttle  of  200  lbs.  above  atmospheric- 
pressure,  under  the  before-mentioned  conditions  as  to  speed  when 
exhausting   in   the    atmosphere.      (6th)   The   engine   will   operate 
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successfully  with  a  steam-pressure  at  the  throttle  of  175  lbs.  above 
atmosphere,  should  the  temperature  of  the  steam  be  maintained  at 
the  throttle  at  from  450°  to  500^  F.  (7th)  It  will  not  require  more 
than  12^  lbs.  of  dry  steam  per  indicated  horse-power  per  hour  when 
indicating  7,500  H.P.  at  75  revolutions  per  minute,  with  the  vacuimi 
of  26  inches  at  the  low-pressure  cylinders,  A\T.th  a  steam-pressure  at 
the  throttle  of  175  lbs.  and  with  saturated  steam  at  the  normal 
temperature  due  to  its  pressure.  The  guarantee  includes  all  of  the 
steam  used  by  the  engine  or  by  the  jackets  or  reheater. 

The  weight  of  the  revolving  field  is  about  35,000  lbs.,  which 
gives  a  flywheel  effect  of  about  350,000  lbs.  at  a  radius  of  gyration  of 
11  feet,  and  with  this  flywheel  inertia  the  engine  is  designed  so  that 
at  any  point  on  the  revolving  element  shall  not,  in  operation,  lag 
behind  nor  forge  ahead  of  the  position  that  it  would  have  if  the 
speed  were  absolutely  imiform,  by  an  amount  greater  than  one-eighth 
of  a  natural  degree. 

In  regard  to  the  chances  of  increased  wear  in  the  bearings  due  to 
the  all-round  character  of  the  pressures  on  the  crank-pin,  the  author 
does  not  consider  that  there  are  chances  of  increased  wear,  owing  to 
the  fact  that  there  are  two  sejjarate  connecting-rods  connected  to  the 
one  pin,  one  being  connected  to  the  horizontal,  and  the  other  to  the 
vertical  cylinder ;  and  while  the  pressure  on  the  pin  is  fairly 
constant,  due  to  the  four  separate  steaming  impulses  from  the  two 
cylinders  in  one  revolution,  still  the  pressure  on  each  rod  is  variable, 
allowing  the  lubricant  the  same  opportunity  of  keeping  the  pin  cool 
and  preventing  wear,  as  in  the  case  of  any  other  double-acting  type 
of  engine.  Provision  in  this  case  has  however  been  made  for  dealing 
with  wear,  by  the  adoption  of  adjustable  straps  for  the  crank-pin 
end  of  connecting-rods,  instead  of  the  marine  style  of  construction. 

The  power-house  (11th  Avenue  and  58th  Street)  of  the 
Interborough  Eapid  Transit  Co.,  Figs.  1  and  2  (pages  72  and  73),  is 
designed  for  a  plant  of  a  capacity  of  more  than  130,000  horse-power,  and 
will,  when  completed,  be  the  largest  power  plant  of  the  kind  in  the 
world.  The  plant  is  divided  into  six  sections ;  five  of  these  sections 
will  be  completed  immediately,  and  will  include  a  tui'bine  section. 
The  equipment  of  each  comprises  two  main  engines  with  barometric 
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rower-House  of  Interhoroiigh  Bapid  Transit  Eailroad,  Neic  York. 
Fig.  1. — Cro^s  Section. 
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Power-Rouse  of  Interborough  Rapid  Transit  Railroad,  New  YorJ:. 
Fig.  2. — Plan  of  one  of  the  six  Sections. 
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Fig.  3.-7,500  I.H.P.  Comhined  Twin  Vertical  and  Horizontal  Compound  Engine, 
Interhorough  Rapid  Transit  riailroad,  Ncio  Tori:. 
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condenser  sets,  two  circulating  water-pumps,  two  boiler  feed-pumps, 
and  one  stack,  and  provision  is  made  for  the  installation  of 
economisers.  The  turbine  section  is  designed  to  accommodate  four 
1,250  kilowatt  steam-turbines  and  one  large  steam-engine  unit 
similar  to  the  units  in  the  other  sections.  This  section  also  is  fitted 
with  the  requisite  auxiliary  engines,  pumps,  and  heaters,  &c.  The 
boilers  are  of  the  Babcock  and  Wilcox  type,  having  6,000  square 
feet  of  heating  surface  each,  and  are  built  to  carry  a  working  pressure 
of  from  175  lbs.  to  200  lbs.  The  majority  of  the  boilers  are  stoked 
by  hand,  but  in  some  cases  mechanical  stokers  have  been  installed. 
Also  some  of  the  boilers  are  equipped  with  superheaters,  the 
superheated  steam  being  intended  to  be  used  largely  for  the  turbine 
section. 

Tlie  Engines  at  tie  Exhibition. — At  the  time  of  the  visit  to  the 
Exhibition,  the  exhibits  in  the  Machinery  Hall  were  not  in  a 
finished  condition,  but  the  most  important  of  the  steam-engine 
exhibits  were  completed  and  could  be  seen  under  varying  conditions 
of  load.  The  most  extensive  and  imposing  exhibit  was  the  group  of 
four  cross  compound  vertical  engines  by  Westinghouse,  Church  Kerr 
and  Co.,  made  at  the  Pittsburg  Works,  connected  to  alternating  current 
generators  of  2,000  kilowatts.  The  high-pressure  cylinders  were 
38  inches  diameter,  and  the  low-pressure  cylinders  76  inches 
diameter,  the  stroke  being  4  feet  6  inches,  and  the  revolutions  83. 
These  engines  were  not  of  unusual  or  extraordinary  size  for  power- 
station  work  ;  they  were  rated  at  3,200  I.H.P.,  giving  a  total  for  the 
complete  installation  of  12,800  I.H.P.  It  may  be  noted  that  these 
engines  were  connected  to  barometric  condensers. 

Next  in  order  of  size,  but  surpassing  it  in  interest,  novelty, 
design,  and  mechanical  skill,  and  in  the  attention  it  attracted,  was 
that  of  the  AUis-Chalmers  Co.,  who  exhibited  a  combined  horizontal 
and  vertical  5,000  I.H.P.  compound  engine,  Manhattan  type.  Fig.  4, 
Plate  2.  They  have  named  it  the  "  Big  Eeliable,"  and  it  is 
undoubtedly  the  largest  two-cylinder  engine  that  has  ever  been 
exhibited ;  in  fact,  the  makers  claim  that  it  is  the  largest  two- 
cylinder    engine   ever   built.      It  is   capable   of  developing   8,000 
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I.H.P.,  and  is  connected  to  a  Bullock  generator  of  3,500  kilowatts, 
6,000  volts,  twenty-five  cycles,  three  phase.  It  is  a  single-crank 
engine,  and,  owing  to  the  placing  of  the  cylinders,  makes  four 
impulses  per  revolution ;  the  crankshaft  is  not  prepared  for  the 
addition  of  another  unit,  but,  if  this  size  of  engine  were  constructed 
of  the  twin  tyjie,  10,000  H.P.  could  be  developed  from  one  unit, 
or  a  maximum  load  of  16,000  H.P.  The  high-pressure  cylinder 
is  horizontal,  44  inches  diameter,  and  the  low-pressure  cylinder 
is  vertical,  94  inches  diameter,  the  cylinder  ratios  being  4^  to 
1,  stroke  60  inches,  steam  pressure  150  lbs.,  speed  75  revolutions 
per  minute.  The  fly-wheel  is  25  feet  diameter,  and  weighs 
300,000  lbs.  The  shaft  is  hollow,  37  inches  diameter,  weighing 
01,000  lbs.;  the  weight  of  the  crank,  which  is  fan-tail  type, 
is  32,000  lbs.,  and  the  weight  of  the  revolving  parts  is  given  at 
514,000  lbs.,  the  total  weight  of  the  engine  and  generator  being 
720  tons.  The  height  of  the  engine  above  foundation  is  39  feet 
2  inches,  and  the  length  over  all  39  feet.  This  engine  and  generator 
supplies  current  for  120,000  electric  lamps  for  the  decorative  lighting 
of  the  "World  s  Fair,  and  current  for  operating  the  electric  cars  of  the 
St.  Louis  Transit  Co.  This  engine  is  also  connected  to  a  barometric 
condensing  plant. 

Next  in  size  and  importance  is  the  Hamilton  Corliss  Engine  Co.'s 
cross  compound  vertical  engine  connected  to  a  1,500  k.w.  generator ; 
the  engine  is  rated  at  2,250  I.H.P.,  and  works  at  83  revolutions  per 
minute,  the  same  speed  as  the  Westinghouse  engines.  It  is  designed 
on  the  Allis  vertical  model,  and  is  connected  to  a  sui-face-condenser. 

The  Brown  Corliss  Engine  Co.  exhibit  two  cross  compound 
vertical  engines  connected  with  generators  of  800  H.P.  and  500  H.P. 
respectively.  These  engines  bear  evidence  of  the  influence  of  the 
Allis  design  being  a  predominant  factor  in  American  engineering. 

Still  dealing  with  the  vertical  type  of  engine,  reference  may  be 
made  to  the  Willans  Engine  Co.'s  triple-expansion  eugine  of  1,000 
I.H.P.  It  was  arranged  to  run  a  speed  of  277  revolutions,  and  was 
finished  in  the  well-known  style  of  the  English  firm.  The  Delaunay 
Belleville  Co.  were  installing,  at  the  time  of  the  author's  visit,  one 
of  their  tyj)e  of  high-speed  engines,  but  it  was  not  quite  completed. 
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The  horizontal  type  of  engine  was  in  evidence  at  the  Exhibition, 
although  this  type  has  not  been  adopted  for  the  generation  of 
electricity  in  the  large  power-stations,  with  the  exception  of  the 
Allis  plan  of  utilizing  it  in  combination  with  the  vertical  type. 
Some  good  examples  were  exhibited  of  engines  of  moderate  size, 
including  a  tandem-compound  of  excellent  finish  and  workmanship 
of  1,000  I.H.P.,  designed  to  run  at  94  revolutions  per  minute 
with  a  50-inch  stroke,  exhibited  by  the  Belfort  Societe  Alsaciennes 
of  Mulhouse.  Other  types  of  horizontal  engines  were  exhibited 
by  the  Lane  and  Bodley  Co.,  and  the  Greenw.ald  Co.,  both  of 
Cincinnati,  both  being  of  the  cross-compound  type.  These  engines, 
along  with  one  exhibited  by  the  Murray  Iron  Works,  which 
was  a  single-cylinder  Corliss  engine,  and  a  tandem-compound 
Fleming  engine  4-valve,  made  by  the  Harrisburg  Engine  Co.,  all 
of  about  1,000  H.P.  each,  furnished  the  current  for  the  Intramural 
Eailway  Service  of  the  World's  Fair.  The  Buckeye  Engine  Co. 
also  exhibited  a  cross-compound  horizontal  engine  of  1,000  H.P. 
The  engines  were  located  principally  in  the  Western  Section  of  the 
Machinery  Hall,  and  probably  aggregated  about  40,000  I.H.P.  as  a 
maximum. 

In  concluding  this  brief  Paper,  the  author  would  like  to  add  that 
the  Engineering  Section  of  the  St.  Louis  Exhibition  proved  to  be 
rather  disappointing  after  the  visits  he  had  made  to  the  large 
power-stations  in  New  York.  These  stations  were  constructed  on 
an  impressive  scale,  and  gave  a  far  better  idea  than  the  Exhibition 
of  the  ability  and  resources  of  American  engineering  to  deal  with 
the  great  power  problems  with  which  they  are  confronted,  especially 
in  such  a  city  as  New  York.  Without  expressing  any  opinion  as  to 
the  suitability  and  merits  of  the  steam-turbine  versus  the  steam- 
engine  for  power-station  work,  he  might  say  that  the  evolution  in  the 
development  of  the  steam-engine  for  this  purpose  has  resulted  in  the 
introduction  of  a  class  of  engine  which  is  a  compromise  between  the 
two  well-known  types,  namely,  the  combined  horizontal  and  vertical 
compound  engine  known  as  the  Manhattan  type,  because  of  its  being 
first  introduced  in  the  Manhattan  power-station.  This  is  a  type 
which  meets  Avith  his  entire  approval,  for  space  occupied,  for  evenness 
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of  turning  eflfort,  for  accessibility  for  overhauling  and  repairs,  and  for 
the  placing  of  the  cylinders  to  prevent  undue  wear  ;  these  and  other 
advantages  combined  make  this  type  unequalled  for  this  special 
purpose.  The  application  of  the  barometric  type  of  condensers  at 
the  stations  visited,  and  at  the  Exhibition,  was  a  proof  that  this 
condenser  is  giving  excellent  results.  The  engineering  section  of 
the  Exhibition  also  suffered  in  the  fact  that  while  it  was  fairly 
representative  of  American  engineering,  it  would  not  compare  in 
interest  and  educational  value  with  the  Paris  Exhibition  of  1900, 
which  was  much  more  extensive  and  altogether  more  representative 
of  the  general  engineering  skill  and  practice  of  the  world.  "With 
regard  to  the  finish  of  the  engine  exhibits,  they  did  not  quite  come 
up  to  the  standard  of  European  exhibitions. 

The  Paper  is  illustrated  by  Fig.  4,  Plate  2,  and  3  Figs,  in  the 
letterpress. 


Discussion  on  20tJi  January  1905. 

The  President  said  the  members  had  already  by  their  applause 
conveyed  their  thanks  and  appreciation  to  the  author  for  his  very 
valuable  Paper. 

The  four  Papers  which  were  down  for  discussion  had  all  been 
read,  but  when  the  members  received  their  Proceedings  of  the 
Meeting  they  would  find  two  more  contributions  from  members  who 
visited  America,  one  by  Mr.  Stanley  Bott  upon  "  American 
Woodworking  Machinery  "  (page  89),  and  another  by  Mr.  Charles 
Wicksteed  upon  American  Methods  generally  (page  97). 

Mr.  Mark  Eobinson,  Member  of  Council,  did  not  think  that 
anyone  interested  in  steam-engines  would  trust  himself  at  the  present 
stage  of  the  proceedings  to  start  a  discussion,  or  they  might  never 
reach  the  next  Paper,  but  he  would  like  to  ask  the  author  one  or  two 
questions,  for  reply  later.     In  the  first  place,  Mr.  Saxon  used  the 
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expression  *'  An  eiglitli  of  a  natural  degree."  Were  the  members 
to  understand  by  tliat,  an  eigbtli  part  of  -^l-ijih  of  a  circle,  or  did  lie 
refer  to  what  electricians  called  an  electrical  degree,  namely 
^igth  of  the  distance  between  two  poles  of  the  same  kind?  In 
considering  the  variation  of  torque  in  an  engine,  one  required 
to  know  the  number  of  poles  before  saying  whether  a  certain 
variation,  if  expressed  in  "  natural  degrees,"  was  good  enough,  say, 
for  running  alternators  in  parallel. 

He  also  wished  to  ask  the  author  his  opinion  on  the  advisability 
of  providing  for  a  50  per  cent,  overload.  The  mere  possibility  of  a 
oO  per  cent,  overload  appeared  to  imply  an  unduly  early  cut-off  in 
normal  working — for  a  compound  engine. 

He  would  also  like  to  ask  the  author  what  impression  he  formed  as 
to  the  probable  wear  of  the  main  bearings  in  the  "  Manhattan  "  type 
of  engine.  In  the  bearings  described  it  was  neither  a  question  of  a 
plain  pull  up  and  down,  as  in  an  ordinary  vertical  engine,  or  of  a 
similar  plain  pull  horizontally ;  in  the  "  Manhattan "  type  both 
bearings  were  combined  in  one  set  of  brasses.  If  the  author  would 
tell  them  his  own  personal  opinion  upon  that  question  he  thought  it 
might  interest  many  of  the  members. 

Mr.  Vaughan  Pendeed  asked  the  author  whether  engineers  in 
America  claimed  the  combination  of  a  vertical  and  a  horizontal 
cylinder  as  an  invention.  His  own  impression  was  that  it 
originated  with  McXaught  many  years  ago  in  this  country,  when 
spinning  min  engines  were  often  improved  and  compounded  ;  and  he 
remembered  seeing  an  engine  of  the  type  thirty  years  ago  in  a  steel 
works  in  Styria,  where  the  horizontal  and  vertical  engine  were 
combined.  He  could  not  say  offhand  whether  it  was  a  compound 
engine  or  not,  but  there  were  two  engines,  one  vertical  and  the  other 
horizontal,  driving  a  rolling-mill. 

Mr.  Alfred  Saxon  thought  it  only  fair  to  say  at  the  outset  that 
he  had  been  asked  to  write  the  Paper  not  at  the  time  of  his  visit  to 
America,  but  on  his  return.  On  some  of  the  points  that  had  been 
referred  to,  he  had  been  obliged  to  get  information  from  the  other 
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(Mr.  Alfred  Saxon.) 

side  of  the  Atlantic,  and  lie  had  no  information  whatever  with  regard 
to  Mr.  Robinson's  question  as  to  the  natural  degree.  He  had  simply 
inserted  that  in  his  Paper  as  part  of  the  information  which  he  was 
able  to  collect,  some  of  which  he  had  received  direct  from  the 
engineer  of  the  Interborough  Transit  Co. 

With  regard  to  the  question  of  overload,  it  seemed  to  him,  without 
going  thoroughly  into  the  matter,  that  the  50  per  cent,  overload 
claimed  for  the  engine  was  an  extreme  overload.  He  had  particulars 
in  his  possession  of  some  engines  in  the  Manchester  Electricity 
Station,  which  were  built  at  Wallsend,  Newcastle-on-Tyne,  and 
which  he  believed  were  the  largest  in  Europe.  They  were  triple- 
expansion  engines.  As  Mr,  Eobinson  had  suggested,  the  greatest 
range  of  power  that  could  be  obtained,  taking  into  account  the 
generally  accepted  ratios  of  cylinders  in  compound  and  triple- 
expansion  engines,  in  ordinary  practice,  was  in  a  single-cylinder 
engine.  With  a  single-cylinder  condensing  engine  a  greater 
percentage  of  overload  could  be  obtained  than  with  a  compound 
engine;  and  a  greater  percentage  of  overload  could  be  obtained 
from  a  compound  than  from  a  triple-expansion  engine.  The  triple- 
expansion  engines  in  the  Manchester  station  were  6,000  I.H.P., 
and  all  that  the  makers  had  to  undertake  with  reference  to  overload 
in  those  engines  was  that  they  would  give  6,500  H.P.  for  two 
hours ;  so  that  in  that  case  the  makers  practically  only  guaranteed 
to  give  500  more  H.P.  for  two  hours — he  supposed  just  at 
the  peak  of  the  load.  He  had  not  gone  into  the  question  of  the 
proportions  of  cylinders  and  the  point  of  cut-off  at  all  in  connection 
with  the  Paper,  and  he  could  not  therefore  answer  Mr.  Eobinson's 
question  very  accurately ;  but  the  makers  claimed  to  give  the 
results,  and  the  guarantees  were  stated  in  the  Paper  itself. 

With  regard  to  Mr.  Pendred's  question  as  to  whether  the  makers 
claimed  the  engine  as  an  invention  or  not,  he  scarcely  thought  they 
did.  The  combination  was  old  in  itself,  and  the  system  could  not  be 
described  as  "  McNaughting."  He  believed  the  arrangement  was 
first  of  all  introduced  in  Lancashire  in  connection  with  what  was 
called  a  "  pusher  " — a  horizontal  type  of  engine  connected  to  a 
beam  engine — which  gave  practically  the  same  result  as  was  obtained 
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with  the  combined  plan  of  the  Allis-Chalmers.  But  in  making  an 
engine  of  that  type  as  a  complete  new  engine,  he  would  say  that 
their  claim  to  it  being  a  new  design  in  that  respect  would  be  a 
good  one. 

With  regard  to  Mr.  Kobinson's  question  as  to  the  crank-shaft 
bearings,  he  could  not  give  the  information  asked  for.  The  engines 
he  saw  were  comparatively  new  engines.  In  the  Manhattan  power- 
station,  which  was  at  work,  the  engines  were  all  in  thoroughly  good 
order.  He  would  like  to  see  them  in  a  few  years'  time,  and  would 
then  be  able  to  say  something  about  the  wear.  Had  it  developed  in 
so  short  a  time,  he  thought  they  probably  would  not  have  run  the 
usual  ten  years  of  American  service. 


Discussion  on  17th  February  1905. 

Mr.  J.  Hartley  Wicksteed,  Past-President,  who  had  opened  the 
discussion,  desired  to  tell  the  members  something  interesting 
connected  with  Mr.  Halpin.  In  America  one  found  a  sanguine  and 
an  optimistic  race,  who  were  generally  much  impressed  with  the 
superiority  of  their  own  products,  and  it  was  refreshing  and  a 
delight  to  him  when  he  went  to  the  McGill  University  at  Montreal, 
the  largest  and  best  equipped  mechanical  laboratory  in  America — 
to  find  there  a  most  elaborate  experimental  engine.  It  was  one  of 
the  most  wonderful  engines  he  had  ever  seen,  and  it  had  been 
designed  by  Mr.  Druitt  Halpin.  Although  it  was  designed  ten 
years  ago,  it  was  receiving  the  greatest  praise,  and  was  i^ronounced 
the  best  and  most  wonderful  engine  for  experimental  purposes  the 
Americans  had  ever  had.  If  Mr.  Halpin  were  disposed  to  speak,  he 
(Mr.  Wicksteed)  would  like  to  hear  him  tell  the  Meeting  about  the 
different  things  that  could  be  done  with  that  engine,  which  was 
capable  of  being  coupled  up  with  all  sorts  of  expansions  and  in 
every  conceivable  way  in  order  to  arrive  at  experimental  results. 
Going  away  from  England  to  a  country  that  was  really  pre-eminent 
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in  meclianical  engineering  and  finding  there  that  the  engine  they  were 
most  proud  of  was  an  engine  designed  by  Mr.  Druitt  Halpin,  and 
built  in  Lancashire,  and  holding  its  own  now,  ten  years  after  it  had 
been  sent  out,  was  a  most  delightful  experience. 

Mr.  Druitt  Halpin  said  the  Montreal  University  engine*  was 
made  for  the  special  purpose  of  experimenting  in  the  mechanical 
laboratory.  It  was  a  vertical  double  tandem  engine  and  was  capable 
of  a  very  great  number  of  changes.  The  cranks  could  be  placed 
at  any  angle  to  each  other.  There  were  four  cylinders  and  they 
were  all  jacketed,  but  could  work  with  or  without  jackets.  Taking 
the  cylinders  as  Nos.  1,  2,  3,  and  4,  No.  1  could  be  worked  into  No.  4 
or  into  No.  3  or  into  No.  2,  the  whole  sequence  of  the  steam 
passing  through  the  cylinders,  and  the  engine  could  be  worked 
condensing  or  non-condensing.  One  peculiarity  the  engine  had  was 
that  the  clearances  could  be  varied.  The  normal  clearance  was  1'5 
per  cent,  but  that  could  be  varied  up  to  48  per  cent.  This  was 
done  to  see  what  the  effect  of  clearance  was  through  that  very  wide 
range.  It  was  worked  with  a  Fronde  brake  at  one  end,  and  a 
water-brake  with  water  trough  inside  the  brake  wheel  at  the  other 
end,  for  absorbing  the  power  generated.  The  great  feature,  however, 
was  the  capability  of  changing  the  sequence  of  the  steam  passing 
through  the  cylinder,  the  angles  of  the  cranks,  the  clearances 
jacketing  or  non-jacketing,  and  condensing  or  non-condensing.  It 
was  by  Messrs.  Yates  and  Thom,  of  Blackburn,  who  had  made  a 
beautiful  job  of  it  in  every  way. 

Mr.  C.  LiDDELL  Simpson  remarked  that  attention  had  been  drawn 
to  the  design  of  engine  where  the  high-pressure  cylinder  was  placed 
horizontally  and  the  low-pressure  cylinder  vertically,  and  he  might 
mention  that  his  firm  had  built  several  engines  with  somewhat 
similar  arrangements.  There  was  a  very  fine  example  to  be  seen  of 
a  triple-expansion  engine  built  by  Messrs.  James  Simpson  and  Co., 
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driving  the  deep  well-j)umps  at  Barnet  Water  Works.  The  sizes 
of  tlie  cylinders  were  17  inches  high-pressure,  29  inches  intermediate- 
pressure,  and  45  inches  low-pressure,  with  a  4:2-inch  stroke,  driving 
double  sets  of  pumping  gear.  The  low-pressure  cylinder  in  this  case 
was  placed  horizontally  and  the  high  and  intermediate  vertically,  and 
this  method  of  cylinder  arrangement  worked  out  very  well  and  had 
given  very  good  results.  He  was  waiting  with  very  great  interest  to 
see  how  the  large  electrical  power-station  now  being  erected  at  Lots 
Eoad,  Chelsea,  in  connection  with  the  electrification  of  the  District 
Eailway,  where  steam-turbines  had  been  adopted,  would  compare 
with  the  type  of  engines  described  in  this  Paper  as  regards  steam 
consumption  and  reliability  in  running. 

Dr.  Alex,  B.  W.  Kennedy^  Past-President,  said  he  would  like 
to  mention  a  matter  merely  of  history  in  reference  to  the  large  engines 
with  horizontal  and  vertical  cylinders,  referred  to  by  Mr.  Saxon. 
The  first  large  engines  of  that  type  of  which  he  knew  were  marine 
engines  made  by  Messrs.  Palmers  in  1869  for  two  ships  of  the  Guion 
Company's  line.  They  were  compound  engines,  with  60-inch  high- 
pressure  vertical  cylinders  and  120-inch  low-pressure  horizontal 
(trunk)  cylinders,  the  two  working  on  to  the  same  crank.  The  low- 
pressure  cylinder  had  large  Corliss  valves,  18  inches  diameter, 
worked  by  a  wrist  plate,  but  with  rigid  mechanical  connections  and 
no  trip  gear.  As  a  leading  draughtsman  in  Messrs.  Palmer's  drawing 
office  at  the  time,  he  made  the  principal  drawings  for  them,  and  he 
had  no  recollection  that  engines  of  that  type,  at  any  rate  of  any 
size,  had  been  made  at  an  earlier  date. 

Mr.  James  Moltnetjx  said  he  had  had  experience  of  one  of  the 
engines  referred  to  by  Dr.  Kennedy,  having  sailed  in  one  of  the  ships, 
namely,  s.s.  "  Wyoming."  He  spent  twelve  months  on  the  ship,  and 
the  engines  worked  exceedingly  well,  and  gave  no  trouble  whatever. 
He  thought  the  diagrams  showed  that  they  were  very  economical, 
and  in  the  position  in  which  they  worked  he  believed  that  for  their 
power  they  worked  exceedingly  smoothly.  The  cross-head  pin  of 
the  low-pressure  engine  was  fixed  in  the  centre  of  a  large  circular 
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trunk,  which  passed  and  worked  through  both  low-pressure  cylinder 
covers.  It  might  interest  the  members  to  know  the  method  by 
which  the  low-pressure  cross-head  pin  was  "  felt,"  namely,  with  a 
long  syringe ;  a  jet  of  water  was  played  upon  the  gudgeon,  and  if 
any  signs  of  steam  were  apparent  it  was  considered  to  be  getting 
x^arm.  It  could  be  imagined  that  when  the  engines  were  racing  at 
iea  at  something  like  100  to  150  revolutions  per  minute,  great  care 
was  required  to  test  the  bearing,  and  that  was  the  only  process  that 
could  be  used  for  "feeling"  the  cross-head  gudgeon  under  those 
circumstances. 

Mr.  Saxon,  in  reply  to  the  discussion,  said  that  after  considering 
the  points  involved  in  connection  with  the  question  as  to  the  rated 
power  of  the  Rapid  Transit  Co.'s  engine  by  Mr.  Mark  Eobinson,  he 
thought  the  best  plan  was  to  give  some  theoretical  diagrams  showing 
the  engines  working  under  the  conditions  stated  in  the  Paper  and  as 
rated  by  the  maker,  Fig.  5  (page  86).  It  was  not  necessary  to  go 
through  the  particulars,  but  it  would  be  very  interesting  to  make 
another  comparison.  There  were  four  sets  of  engines  being  built 
in  this  country — in  Lancashire — for  the  London  County  Council. 
These  engines  were  rated  at  5,000  I.H.P.  working  under  normal 
load  and  capable,  like  the  engines  he  had  described,  of  working  with 
50  per  cent,  overload.  Fig.  6  (page  87).  The  rating  of  the  English 
engines  was  about  11;^  per  cent,  higher  than  the  American  engines. 
The  case  of  the  AUis-Chalmers  Exhibition  engine  showed  that  the 
normal  rating  for  5,000  I.H.P.  was  higher  than  the  Interborough 
engine,  but  did  not  differ  much  from  the  London  County  Council 
rating,  whereas  to  develop  8,000  I.H.P.  60  per  cent,  overload  was 
necessary,  and  required  an  average  pressure  of  50*72  lbs.;  this 
rating  was  therefore  higher  than  the  London  County  Council  rating 
(see  Table  2  on  page  85).  It  was  interesting  to  find  that  those 
responsible  for  the  design  of  the  engines  for  the  London  County 
Council  had  made  a  departure  by  placing  the  low-pressure  cylinders 
horizontal,  and  the  high-pressure  cylinders  vertical,  as  they  considered 
the  best  method  was  to  work  the  steam  downwards  to  the  condenser. 
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TABLE  2. — Calculations  connected  icith  Engines  at  the  Poicer 
Stations  and  at  the  St.  Louis  Exhibition. 


Normal  Load. 

50  per  cent.  Overload. 

Intekborough  Engines. 

Steam-pressure  at  the  Throttle  = 
175  lbs.  per  square  inch. 

LH.P. 

Average 

pressure 
referred  to 
L.P.  Cyl. 

LH.P. 

Average 

pressure 

referred  to 

L.P.  Cyl. 

Each  Engine  rated  at    ...      . 

3,750 

28 -JO 

5,625 

42-88 

Or,     using     the     same     average 
pressures     as    for    the    London 
County  Council  the  rating  would 
be  about  11^  per  cent,  more,  or  . 

4,203 

32 -OG 

6,305 

48-09 

loxdox  couxtt  couxcil 
Engines. 

Boiler-pressure  180  lbs.  per  sq.  in. 

Each  Engine  rated  at    ...      . 

2,.")(]0 

32-06 

3,750 

48-09 

Or,     using     the     same     average 
pressures  as  for  the  Interborough, 
these  engines  would  be  rated  at 
(about) 

2,229 

28-59 

3,3-13 

42-88 

In  comparison  loith  the  above,  the  imrticulars  given  beloio,  of  the 
Exhibition  Engine,  of  the  "  Manhattan  Type,"  made  by  the 
Allis-Chalmers  Co.,  may  prove  of  interest. 


Steam-pressure  150  lbs.  per  sq.  in. 

Normal  Load. 

60  per  cent.  Overload. 

Average 
T  TT  T>        pressure 
^■"-^-     referred  to 

L.P.  Cyl. 

LH.P. 

1 

Average 

pressure  , 

referred  to 

L.P.  Cyl.  ! 

This  Engine  is  rated  at. 

Or,  using  London  County  Council 
averages 

Or,    if    using     the    Interborough 
averages      

5,000         31-7 
5,056         32-OiJ 
4,509         28-59 

8,000 
7,584-7 
6,  (63 

50-72 
48-09     ! 
42-88 
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Fig.  5. 


Mean  Tlieoretical  Liagranufor  a  Fair  of  Combined  Twin  L  P.-Vtrtiad  and 

H. P. -Horizontal  Compound  Engines. 

Pou-er  House  of  luterhorovgli  Eaind  Transit  Bailroad.  Neiv  Yorh. 


NORMAL    LOAO 

50%  OVERLOAO 

n.t-] 

Steam,  at  ThroUU,  175  Ihs.  D 

160 
120 

Steam  at  Throttle  175  lbs.  d" 

ISO- 

ISO 

\          Av6.  Pressure   70-3  lis  per  d" 
\       CyZ.  Constant  30-595 
\               I.H.P  -  2150 

\Arg  Pressure  95-6  lis  per  a" 

\  CyL.  Constant  30-595 

X;        I.H.P=292S 

60- 

\                       ^^^ 

eo 

\                ""■             ^""^^^ 

40 

\                 ^'^'           ^^^~^~~~~-~-~-^-^ 

*o. 

0  - 

^ 

%\ 

ATM."    LIN£ 

ATM."  LINE. 

NORMAL     LOAD 

50%  OVERLOAD 

A\-^.  Pressure  12  2  lbs  per  o' 

CyL  Constant  131-125 

r.H.P    IGOO 


Av^.Pressure  20-6  lbs  per  a" 
CyL  Constant  I3M25 
I.H.P     2700 


ATM.    LINE 


PURE    VACUUM     lTnY 


PURE    VACUUM     LIN£"2 


Diameter  of  Cylinders,  H.P.  42   inches,   L.P.  8G   inches.    Stroke   CO   inches. 

Eevolutions  per  minute,  75. 

Ratio  of  Cylinder  Areas,  4  •  19.     Diameter  of  Piston  Rods,  10  inches. 

Steam  Pressure  at  the  Throttle,  175  lbs. 

Load  at  best  Efficiency,  each  Engine  I.H.P.,  3,750. 

Witli  50%  Overload,  each  Engine  I.H.P.,  5,625. 

Average  Pressure  referred  to  each  L.P.  Cylinder : — 

For  3,750  I.H.P.,  28-59  lbs.     For  5,625  I.H.P.,  42-88  lbs. 

In  these  diagrams  the  piston-rods  are  taken  into  account,  and  the  clearances 
taken  at  5%  H.P.  and  6;:  L.P.  Cylinder.*. 
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Fig.  G. 


Mean  Theoretical  Diagrams  for  a  Fair  of  Combined  Twin  II.P.-Ytrtical  a7ul 

L.P.-Horizontal  Compound  Engines. 

Pou-er  House  of  the  London  County  CouncH. 


NORMAL    LOAD 
Steam,  at  ThrottU  180  ibs.  o" 


Av6.  Pressure   70-0  LbsftT  a 
Cyf.Cor'Sfa'U  20-0 
I.H.P.  =  1+00 


50%  OVERLOAD 
Steam  at  ThrofHe  180  lbs,  o" 


.Av^.PressureX^Z'Slbs  per  D 
CyL  Constant    20(1 
I.H.P=   2050 


ATM.^  LINE 


NORMAL     LOAD 

A:-^.  Prtssurt  M-X  lbs  per  a" 

CyLCoristani    77-96 

l.H.P=1100 


PURE    VACUUM     LINE 


50%  OVERLOAD 

Avg.Pirssun  21  0  Us  per  u" 
Cvl.  Constant     77-'.M'> 
I.H.P  ■  170(1 


PURE    VACUUM     L(NE 


Diameter  of  Cylinders,  H.P.  3;_U  inches,  L.P.  G6  inches.     Stroke  48  inches. 

Revolutions  per  miaute,  9i. 

Ratio  of  Cylinder  Areas,  3 -SSI. 

Boiler  Pressure,  180  lbs. 

Load  at  best  Efficiency,  each  Engine  I.H.P.,  2,500. 

With  50%  Overload,  each  Engine  I.H.P..  3,750. 

Average  Pressure  referred  to  each  L.P.  Cylinder: — 

For  2,-500  LH.P.,  32-06  lbs.     For  3,750  LIl.P.,  48-09  lbs. 
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Comviunications. 

Mr.  "William  SoHONHETDEit  wrote  that  tbe  author,  in  describing 
tlie  details  of  engines  of  several  power-stations,  gave  some  examples 
of  the  high-pressure  cylinders  being  only  one-half,  or  even  less  than 
one-half,  the  diameter  of  the  low-pressure  cylinders  of  compound 
engines.  This  the  writer  ventm-ed  to  say  was  not  in  accordance 
with  the  best  practice  in  this  country. 

Mr.  Saxon,  in  reply  to  Mr.  Schunheyder,  would  point  out  that 
the  engines  described  were  of  the  most  economical  type,  and  would 
compare  with  the  most  recent  practice  in  this  country  for  large 
stationary  engines.  The  engines  for  the  London  County  Council 
already  referred  to  might  be  taken  as  an  illustration  of  this,  the 
sizes  of  the  cylinders  being  33^  and  66  inches  respectively,  which 
were  practically  one-half  diameter  when  the  piston-rods  were  taken 
into  account. 
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SOME  NOTES  OX 
AMEEICAN  WOODWORKING  MACHINERY. 


By  Mr.  W.  STANLEY  BOTT,  Associate  Jlemler,  of  Covextky. 


Between  most  of  the  woodworking  machinery  made  in  the  United 
States  of  America  and  that  made  in  this  country  there  are  several 
differences,  and,  while  the  majority  of  the  American  firms  make 
machines  which  appear  to  be  of  lighter  construction  than  those  made 
by  British  firms,  yet  there  are  one  or  two  makers  who  turn  out  a 
heavier  class  of  machines  and  of  a  design  more  nearly  approaching 
machine  tools  than  has  hitherto  been  manufactured  in  this  country. 
Needless  to  say  these  are  firms  who  have  confined  their  attentions  to 
machines  for  one  particular  class  of  work  and  have  consec[uently 
been  able  to  obtain  greater  perfection  in  the  design  than  would 
otherwise  have  been  the  case.  The  author  does  not  wish  to  convey 
the  idea  that  machines  of  lighter  construction  are  necessarily  greatly 
inferior  to  the  heavier  machines,  but  merely  that  they  form  a  cheaper 
grade.  Anyone  who  decided  to  purchase  a  low-grade  machine  would 
probably  find  it  satisfactory. 

The  two  main  differences  one  immediately  notices  between 
American  and  British  machinery  are  :  First,  the  almost  universal  use 
in  the  States  of  white  metal  bearings  for  all  journals,  no  matter 
whether  for  saw  spindles  or  the  faster  running  cutter  spindles ;  and, 
second,  the  size  of  the  driving  pulleys,  which,  from  the  author's 
observations,  would  give  from  25  to  30  per  cent,  more  driving  power 
than  the  pulleys  on  similar  machines  of  European  make. 

At  the  St.  Louis  Exposition  the  woodworking  machinery  exhibits 
were  disappointing,  the  number  of  makers  represented  being  limited 
to  only  a  few  American  firms.     The  absence  of  large  band  mills — 
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the  macliines  whicli  now  play  such  an  important  part  in  the  rapid 
and  economical  conversion  of  timber — was  particularly  noticeable. 

A  machine  of  much  interest  exhibited  by  the  H.  B.  Smith  Co. 
was  a  three  cylinder  drum  sand-papering  machine,  in  which  the 
work  is  passed  under  the  papering  drums  instead  of  over  them  as  in 
a  roller-fed  machine.  The  work  is  fed  forward  by  an  endless  band 
provided  with  a  series  of  indiarubber  studs  which  not  only  provide 
great  feeding  power,  by  virtue  of  the  surface  friction  between  the 
rubber  and  the  work,  but  also  provide  all  the  pressure  which  it  is 


Fig.  2. 

Section  through  lievohing  Table  showing  Chains,  Crosg-lars  and  Stiuh, 
to  a  larger  scale. 


Ciist '-  iror.       V_ 
Bars 


Dotted  lines  show 
J     ,  Stee,L  Strip  otv 

^       -A-hich  Gross  Bar.~  Put  b 


necessary  to  apply  to  keep  the  work  up  to  the  cut.  In  a  roller-fed 
machine  it  is  necessary  to  apply  a  heavy  pressure  to  the  rollers, 
which  have  a  smooth  surface,  to  ensure  their  feeding  the  work,  and, 
in  consequence,  the  fibres  of  the  wood  are  bound  to  be  compressed. 
This  cannot  happen  with  the  endless  feed  described  above,  and  it 
was  mainly  to  overcome  this  defect  that  the  new  feed  was  designed. 
Another  advantage  this  machine  has  over  the  roller  feed  is  that, 
owing  to  the  sand-papering  drums  being  situated  on  the  top  of  the 
machine,  they  are  much  more  accessible  when  it  is  desired  to  change 
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tlie  paper.  Other  advantages  are  claimed  for  the  machine,  and  it  is 
gratifying  to  learn  that  one  of  our  English  makers  has  been 
enterprising  enough  to  acquire  the  patent  rights  for  this  country. 
Figs.  1  and  2  (pages  90  and  91)  show  a  sectional  elevation  and 
detail  of  feed  chain  of  the  machine. 

A  type  of  machine  which  several  makers  were  exhibiting  was  a 
power-feed  rip  saw,  with  plain  or  tilting  table,  to  carry  a  saw  up  to 
about  20  inches  diameter.  The  author  believes  that  this  type  of 
machine  was  first  brought  out  by  ^Messrs.  Greenlee,  of  Chicago, 
about  the  year  1889,  and  it  is  surprising  that  such  a  useful  and  handy 
machine  is  not,  as  far  as  the  author  is  aware,  made  by  any  English 
manufacturer,  although  it  is  built  by  nearly  every  American  firm. 
Messrs.  Hall  and  Brown,  of  St.  Louis,  had  a  large  exhibit,  but 
the  machinery  contained  no  very  striking  novelties. 

There  was  a  useful  looking  chain  mortising  machine  made  by 
the  New  Britain  Machine  Co.,  and  a  double  edging  saw  bench  which 
carried  two  18-inch  diameter  circular  saws  on  the  same  spindle. 
To  enable  the  cutting  of  wide  or  narrow  boards,  one  of  the  saws 
whilst  revolving  was  adjustable  nearer  to,  or  farther  from,  the  other. 
Another  feature  of  the  machine  was  that  both  the  saw  and  fence 
could  be  adjusted  by  the  man  feeding  the  machine  while  standing 
some  distance  away  from  the  saws. 

The  panel  planing  or  surfacing  machines  contained  a  feature  of 
interest  in  the  sectional  top-feed  rollers  with  which  they  were  fitted. 
By  these  means  several  narrow  pieces  of  wood  of  slightly  varying 
thicknesses  can  be  fed  through  the  machine  simultaneously — a  fact 
which  considerably  increases  the  utility  of  any  machine,  and  it  is 
strange  that  this  method  of  construction  has  not  been  more  universally 
adopted  in  this  country. 

Some  distinctive  features  of  the  planing  and  moulding  machines 
exhibited  were  the  fitting  of  chip  breakers  to  nearly  all  cutter  blocks, 
and  the  making  of  the  square  part  of  the  blocks  separate  from  the 
spindle,  thus  enabling  the  use  of  exchange  blocks  of  various  shapes. 
The  pressures  too  were  much  simpler  than  those  used  in  this  country, 
but,  on  the  other  hand,  they  were  not  nearly  so  adjustable  or 
flexible. 
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The  exhibits  of  the  Curtis  Manufacturing  Co.,  of  St.  Louis, 
comprised  some  ordinary  circular  log  saws,  one  of  which  was  fitted 
with  a  steam  feed  motion  for  actuating  the  log  carriage,  the  action  of 
which  was  controlled  by  a  valve  giving  an  almost  instantaneous  return 
motion. 

Messrs.  E.  and  B.  Holmes,  of  Buffalo,  showed  a  plant  of  cooperage 
machinery,  including  a  machine  for  putting  the  heads  in  slack  barrels 
without  their  being  touched  by  hand.  The  heads  are  first  placed 
one  on  top  of  the  other  in  a  receiver,  the  bottom  one  being 
automatically  removed  by  a  flat  plate  having  a  circular  opening,  into 
which  the  lowest  head  drops,  and  out  of  which  it  is  lifted  by  a  long 
hinged  arm  having  a  circular  flat  end  provided  with  pneumatic 
suction  of  sufficient  power  to  suspend  the  head.  Then,  by  swinging 
round  the  hinged  arm,  the  head  can  be  brought  over  the  barrel  end 
and  can  be  held  in  position  there,  until  gripped  by  the  barrel  itself. 
This  machine  is  also  capable  of  driving  on  the  permanent  hoops,  and 
removing  the  truss  hoops,  both  of  which  operations  are  effected  by 
means  of  six  pendant  arms  which  can  be  rapidly  adjusted  in  and  out 
to  suit  barrels  of  various  diameters,  and  raised  and  lowered  by  power 
at  the  will  of  the  operator.  The  machine  can  be  run  without 
skilled  labour  and  takes  2  B.H.P.  to  drive  it.  It  is  also  fitted  with  a 
suction  fan  for  suspending  the  heads,  and  a  convenient  portable  stand 
for  carrying  the  hoops.  Several  varieties  of  hoop-driving  machines 
were  also  shown  in  which  claw-like  arms  can  be  brought  down  on  to 
the  hoops,  and  the  hoops  driven  home  with  the  greatest  of  ease.  In 
some  cases  a  double  set  of  arms  is  provided,  so  that  the  hoops  at 
both  ends  of  the  barrel  can  be  driven  at  once.  There  was  also  on 
view  a  powerful  machine  for  bending  brewers'  staves,  consisting  of 
two  strong  horizontal  arms  placed  end  to  end,  and  on  which  the  stave 
is  laid.  A  pivot  is  provided  on  the  underside  of  each  arm,  and  the 
two  central  ends  of  the  arms  are  connected  by  a  link,  which,  when 
drawn  down  by  the  action  of  the  machine,  tilts  up  the  outside  ends 
of  the  arms  and  bends  the  stave.  The  stave  when  bent  is  made  to 
retain  its  shape  by  a  simple  clip  which  hooks  over  the  ends  of  the 
stave,  and  remains  on  them   until   after   the   barrel  is  set  up  and 


94  AMERICAN    WOODWORKING    MACHINERY.  Feb.  1905, 

trussed.  The  action  of  trussing  releases  the  clips,  which  can  then  be 
used  again.  The  machine  is  provided  with  fast  and  loose  pulleys 
30  inches  diameter  and  4  inches  face,  and  has  a  capacity  of  from 
8,000  to  12,000  staves  per  day.  A  useful  machine  for  cleaning  the 
outside  of  barrels  consisted  of  an  endless  band  of  suitable  abrasive 
material  arranged  to  revolve  in  a  vertical  direction,  the  barrel  being 
mounted  horizontally  between  two  chucks  and  revolved  rapidly  in  an 
opposite  direction  to  the  band.  On  the  band  and  the  barrel  being 
pressed  together  the  exterior  of  the  barrel  was  rapidly  given  a 
beautifully  smooth  surface.  This  machine  has  a  capacity  of  about 
1,000  barrels  a  day.  Other  machines  on  view  were :  a  disc-stave 
jointer  of  an  ordinary  type,  in  which  the  stave  is  held  up  to  a 
revolving  disc,  provided  with  a  series  of  flat-edged  knives ;  a  chiming 
and  crozing  machine  ;  and  a  head  rounding  and  bevelling  machine  ; 
none  of  which  appeared  to  show  any  marked  superiority  over 
machines  on  the  English  market.  An  ingenious  collapsible  cone  to 
facilitate  the  rapid  placing  of  hoops  over  the  ends  of  barrels  was 
inspected,  and  also  some  useful  barrel  heaters,  one  of  which  was 
provided  with  a  double  table  arranged  to  turn  round,  thus  enabling 
a  barrel  to  be  always  over  the  fire.  With  this  revolving  double  table 
the  barrels  are  placed  on,  and  withdrawn  from,  the  table  which  is 
momentarily  away  from  the  fire. 

Messrs.  Fay  and  Egan,  of  Cincinnati,  who  lay  claim  to  being  the 
largest  manufacturers  of  wood-working  machinery  in  the  world,  were 
not  exhibiting,  but,  by  the  courtesy  of  the  company,  those  members 
of  the  Institution  who  included  Cincinnati  in  their  itinerary  were 
able  to  visit  the  works,  which  cover  a  large  area.  The  various 
departments  seemed  somewhat  scattered,  but  notwithstanding  this 
fact,  the  amount  of  machinery  turned  out  by  the  company  appeared 
to  justify  their  claim.  In  the  works  one  noticed  that  the  machine 
tools  were  all  apparently  working  at  their  full  capacity,  every 
advantage  being  taken  of  the  high-speed  steel  cutting  tools. 
Grinding  and  milling  machines  were  much  in  evidence,  and  some 
heavy  milling  was  being  done  by  an  electrically-driven  machine, 
which  was  surfacing  and  putting  a  slot  in  each  of  two  square  steel 
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cutterblocks,  each  about  4^^  inclies  wide,  at  a  speed  one  would 
generally  consider  only  suitable  for  cast-iron ;  this  machine,  so  far 
as  one  could  see,  was  unattended.  Close  supervision  was  evidently 
given  by  the  principals  to  the  design  of  the  machines,  and  the 
author  was  shown  a  plain  handsaw  with  a  new  knife-edge  sensitive 
tension  and  straining  device ;  also  a  small  boxmaker's  self-acting 
cross-cut  saw  with  an  almost  instantaneous  return  motion  actuated 
by  friction  gear  and  controlled  by  a  foot-lever.  These  machines  he 
was  told  were  much  in  advance  of  anything  of  a  similar  type  yet 
brought  out.  "When  once  the  designs  of  the  various  machines  made 
by  this  concern  are  perfected  the  machines  are  manufactured  in 
quantities,  and  it  is  only  by  these  means  that  cheapness  has  been 
secured.  A  noticeable  feature  of  the  machinery  was  the  extensive 
use  of  cast-iron  wherever  possible,  forgings  being  conspicuous  by 
their  absence. 

The  author  had  the  pleasure  of  visiting  the  works  of  several 
other  makers  of  woodworking  machinery,  among  whom  may  be 
mentioned  Messrs.  Greenlee,  of  Chicago,  who,  at  the  time  of  the 
author's  visit,  were  suffering  from  a  strike  and  were  also  engaged  in 
removing  their  plant  to  a  new  factory  some  few  miles  from  Chicago, 
Messrs.  Greenlee's  speciality  is  machinery  for  railway-carriage  and 
wagon  work. 

Messrs.  E.  B.  Rich  and  Co.,  of  Chicago,  have  a  small  works,  and 
confine  their  attention  solely  to  the  manufacture  of  saw-sharpening 
machines  and  accessories. 

Messrs.  Pryibill  and  Co.,  of  New  York,  are  makers  of  general 
woodworking  machinery,  a  feature  of  their  business  being  the 
manufacture  of  machines  for  making  piano  action  levers. 

The  E.  C.  Atkins  Co.,  of  Indianapolis,  make  a  speciality  of  silver 
steel,  and  their  works  well  repaid  the  author  for  his  visit.  The  steel 
is  made  up  into  circular  saws,  large  and  small  handsaw  blades, 
handsaws  of  all  descriptions,  cutters,  etc.  Some  very  ingenious 
machinery  was  seen  for  grinding  with  absolute  accuracy  the  small 
teeth,  which  have  to  be  interchangeable,  for  inserting  in  circular 
saws.      A  somewhat   remarkable  test  mentioned  to  the   author  in 
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connection  with  this  silver  steel  was  that  of  a  handsaw  blade  which 
stood  a  strain  of  127,000  lbs.  per  square  inch  at  the  braze. 

In  conclusion  the  author  would  like  to  take  this  opportunity  of 
expressing  his  appreciation  of  the  courteous  manner  in  which  he  was 
everywhere  received  and  conducted  over  the  various  works  it  was  his 
good  fortune  to  visit. 

The  Paper  is  illustrated  by  2  Figs,  in  the  letterpress. 
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NOTES  ON  THE  VISIT   TO    AMERICA. 


By  Me.  CHAELES  WICKSTEED,  Memler,  of  Ketteeing. 


The  one  thing  that  must  impress  every  visitor  to  America  is  that 
the  Americans  are  great  at  great  things.  In  method,  in  enterprise, 
in  self-reliance,  and  in  giant  and  rapid  production,  they  are  far  ahead 
of  the  British.  The  author  has  been  trying  to  think  out  the 
conditions  of  industry  that  have  induced  this  superiority,  in  order  to 
ascertain  to  what  extent  one  is  justified  in  trying  to  introducs 
American  methods  into  this  country,  and  to  what  extent  the 
differences  in  the  conditions  here  would  make  imitation  folly ;  and 
the  conclusion  he  has  come  to  is  that,  although  much  can  always  be 
learnt  from  America — and  the  handsome  contribution  they  have  made 
to  mechanical  knowledge  must  be  fully  acknowledged — nevertheless, 
progress  and  evolution  must  be  one's  motto — revolution  would  be 
disastrous  and  impossible.  The  respective  systems,  broadly  speaking, 
are  those  best  adapted  to  the  respective  conditions — to  transplant 
them  would  be  fatal.  The  history  of  Great  Britain,  the  character  of 
its  population,  the  size  of  the  country,  its  natural  resources,  the 
nature  of  its  trade,  the  opportunities  for  development  and  its  fiscal 
policy,  are  all  about  as  different  from  America  as  can  be  imagined. 
The  author  will  trace  briefly  how  these  diff'erent  conditions  have 
brought  specialization  and  swift  production  in  large  concerns  to  the 
perfection  that  is  seen  in  America,  and  how  it  comes  that  a  market 
can  be  made  for  such  large  quantities  of  one  article,  and  why  so 
much  more  pains  have  been  taken  by  Americans  to  systematise  their 
operations  and  introduce  automatic  machinery  than  have  been  taken 
on  this  side.     He  thkiks  that  the  rapid  development  of  a  vast  and 
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rich  territory,  with  an  ever-increasing  number  of  immigrants — 
mostly  unskilled  labourers — is  at  the  root  of  the  whole  matter. 

In  pushing  across  the  Continent,  the  work  was,  at  first,  natui'ally 
and  inevitably  of  a  temporary  nature.  If  the  railways  that  were 
laid  through  a  wilderness,  had  not  been  made  cheaply,  they  could 
not  have  been  constructed  at  all ;  the  same  may  be  said  of  the  towns. 
Thus  temporary  work  began  as  a  matter  of  necessity.  After  these 
first  conditions  were  passed,  another  set  of  conditions  arose,  which 
drove  industry  in  the  same  direction ;  the  towns  became  large 
enough  to  justify  work  of  a  more  permanent  character,  but  the 
development  was  so  fast  that  all  idea  of  anything  being  permanently 
suitable  for  the  altered  conditions  that  were  likely  to  arise  was  out 
of  the  question,  so  the  temporary  character  of  the  undertakings  to  a 
great  extent  continued.  This  tendency  was  accentuated  by  the 
almost  universal  practice  of  building  houses  of  wood,  except  in  the 
business  streets  of  the  large  towns.  As  the  towns  gradually  became 
great  cities,  these  influences  lost  hold,  to  a  certain  extent,  and  one 
now  finds  many  undertakings  of  a  permanent  character  ;  nevertheless, 
any  attempt  at  durability  is  the  exception.  Men  exi)ect  to  get 
a  quick  return  for  their  building,  not  knowing  how  soon  buildings  of 
a  different  nature  may  be  wanted,  and  there  are  half  a  dozen 
influences  still  driving  industry  in  the  direction  already  denoted. 

First,  there  is  habit  that  people  get  inured  to ;  then  there  is  the 
rush  and  unrest  of  American  life,  which  makes  the  people  impatient 
of  anything  that  will  take  long  in  doing  ;  but  perhaps  the  principal 
cause  is  the  character  of  their  labour.  This  is  unskilled,  unsettled, 
and  dear,  in  comparison  to  that  obtaining  here ;  and  for  this  reason 
cheap  production  and  good  work  are  only  possible  with  the  guidance 
of  good  heads,  elaborate  system,  and  the  help  of  the  first-class 
machinery,  that  can  only  be  used  in  conjunction  with  a  large  turnover. 
The  subdivision  of  labour  has  to  be  carried  to  a  sufficient  extent  to 
enable  raw  hands  speedily  to  learn  to  do  their  work.  It  appears  to 
the  author,  broadly  speaking,  that  all  personal  service  is  dear  and 
bad ;  by  personal  service  is  meant  labour  that  is  not  a  part  of  an 
organised  system,  where  the  efficiency  depends  upon  the  individual, 
who  must  work  on  his  own  responsibility  and  not  merely  as  a  cipher 
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in  a  large  system.  Now,  since  repairs  cannot  possibly  be  systematised, 
as  new  work  can,  they  come  under  the  definition  of  personal  service, 
and  are  so  expensive  that  the  Americans,  comparatively  speaking,  do 
not  repair  ;  they  scrap  their  things  and  buy  new  ones.  The  custom 
of  scrapping,  instead  of  repairing,  inevitably  tends  to  the  making  of 
things  of  a  less  permanent  character.  If  people  are  constantly 
buying  new  things,  they  want  to  buy  them  cheap,  so  that  they  do  not 
feel  they  have  thrown  away  so  much  when  they  destroy  them.  But  it 
may  be  asked  :  What  has  all  this  to  do  with  the  enormous  American 
turnover  ?  The  author  thinks  that  it  has  everything  to  do  with  it. 
One  illustration  will  show  what  he  means.  He  was  told  by  Americans 
that  their  boots  only  lasted  half  as  long  as  those  in  this  country,  and 
that  they  never  repaired  them.  That  means  that  they  requii'e  four 
pairs  of  boots  to  one  pair  here,  as  British  boots  last  double  the  time 
by  soloing  and  heeling  them.  In  America  they  have  nearly  double 
the  population ;  this  brings  an  output  of  boots  for  home  consumption 
to  nearly  eight  times  that  of  this  country.  The  same  thing  applies 
all  round.  Locomotives  are  scrapped  in  about  ten  years  ;  shops  are 
gutted  and  supplied  with  new  plant ;  railway  bridges  replaced,  and 
so  on. 

The  rapid  development  of  the  country  and  the  wonderful  mineral 
wealth  also  tend  to  an  abnormal  proportion  of  a  comparatively  small 
variety  of  articles  of  first  necessity.  American  industry  is  therefore 
driven  into  certain  channels  by  conditions  and  necessities  that  do 
not  arise  here.  It  is  driven  into  a  course,  which  the  author  will  not 
criticise  more  than  to  say  that  it  is  a  course  which  has  by  no  means 
a  monopoly  of  advantages.  In  spite  of  every  natural  force  tending 
to  drive  the  trade  of  the  country  into  gigantic  and  methodical 
production,  a  strange  Providence  has  willed  that  the  Government 
should  step  in  and  provide  another;  protection  gives  a  powerful 
hand  in  two  ways.  First,  it  nurtures  and  protects  trusts  of  a  size 
and  power  that  would  be  impossible  without  its  aid.  Second,  it 
tends  to  limit  the  variety  of  articles  manufacturers  are  obliged  to 
make.  The  tendency  of  trusts,  is  of  course,  to  carry  on  the  businesses 
which  they  monopolise  in  fewer  and  larger  establishments,  making 
the  sale  under  one  management  larger  than  it  could  otherwise  be. 

I  2 
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It  also  tends  to  put  customers  into  the  power  of  trusts,  and  to  force 
them  to  take  the  articles  they  choose  to  supply ;  trusts  will  not  go 
out  of  their  way  to  accommodate  people.  But,  independent  of  trusts, 
the  author  is  convinced,  from  conversation  he  has  had  with  a  number 
of  manufacturers,  that  protection  has  a  distinct  tendency  to  limit  the 
variety  and  quality  of  articles  of  the  same  class  that  are  put  on  the 
market.  Manufacturers,  who  are  manufacturers  for  their  own 
country  only — and  97  per  cent,  of  the  trade  in  America  is  home  trade — 
naturally  go  for  the  main  chance,  because  the  things  for  which  they 
get  the  readiest  sale  and  which  they  manufacture  to  the  greatest 
advantage  are  the  things  that  they  make.  This  tendency,  of  course, 
is  intensified  in  works  where  system  and  subdivision  of  labour 
prevails.  Thus  protected  from  competition  outside,  they  will  not 
put  themselves  about  to  serve  the  few,  and  their  customers,  having 
no  better  choice  before  them,  will  probably  not  demand  that  which 
they  cannot  get — they  can  buy  abroad  at  long  prices  or  do  without. 

Without  protection,  things  would  be  quite  different.  If  trade 
were  free,  articles  of  great  variety  would  be  freely  brought  before 
the  public,  and  American  manufacturers  would  have  to  meet  the 
competition  or  lose  the  trade.  Here  then  is  another  potent  factor 
that  drives  American  trade  into  duplicate  production  that  cannot  be 
approached  here — another  potent  difference  between  the  two  peoples. 
This  makes  the  business  of  a  trust  easier,  where  trade  can  be 
sufficiently  monopolised  as  to  fetch  its  own  prices ;  but  the  author 
thinks  it  makes  the  competition  between  small  and  independent 
firms  far  more  grinding  and  wearing  than  in  this  country.  The 
variety  being  limited,  the  accurate  comparison  of  the  value  of  articles 
produced  becomes  so  much  the  easier.  The  greater  variety  of 
articles  made,  the  more  will  people  select  the  thing  that  they  like 
the  best,  instead  of  that  which  is  the  cheapest.  The  Americans  work 
with  closed  doors,  and  produce  for  their  own  people  only ;  they  sell 
abroad  those  goods  that  they  make  for  themselves  that  happen  to  suit 
foreign  markets ;  they  do  not  and  cannot  cater  for  foreign  markets 
in  the  same  way  as  the  British.  This  country — a  free-trade  nation 
— with  its  enormous  export  trade  of  manufactured  goods,  with  its 
vast  skilled  and  settled  population  makes  an  enormous  variety  of 
articles  to  supply  needs  in  all  parts  of  the  world. 
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There  are  many  things  where  the  two  nations  might  meet  each 
other — or  at  any  rate  approach  each  other — to  their  mutual 
advantage.  Here  there  is  too  little  method,  Americans  often  have 
too  much ;  they  will  often  begin  with  an  elaborate  system,  before 
experience  has  taught  them  what  is  necessary.  Manufacturers  in  this 
country  are  apt  to  begin  with  no  system  and  build  one  up  as  necessity 
arises  ;  that  is  the  best  plan,  if  they  would  but  build  faster.  They 
increase  their  works  only  when  they  are  driven  to  it,  by  the  trade 
bursting  the  old  premises ;  in  America,  they  build  large  shops  right 
ahead  of  any  trade,  and  frequently  court  failure  in  the  attempt. 
Here  they  are  too  slow  in  modernising  their  factories ;  in  America, 
they  can  often  show  one  how  fast  they  are  in  this  respect,  but  one 
also  often  finds  out  that  the  company  has  been  reconstructed  and  that 
no  dividend  can  be  paid  upon  the  original  outlay.  Americans  value 
and  reward  brain  work  and  encourage  suggestions,  instead  of 
snubbing  them  ;  much  might  be  learnt  here,  particularly  in  the 
matter  of  cutting  down  ofl&ce  expenses  so  much ;  a  properly-managed 
office  is  not  a  drag  upon  the  works,  but  acts  as  the  fountain  head. 

In  conclusion,  the  author  wishes  to  state  that  he  saw  nothing  to 
make  him  afraid  of  American  competition,  so  long  as  English 
engineers  will  work  with  ordinary  energy  and  foresight,  adopting 
American  methods  so  far  as  they  may  be  suitable,  without  any 
attempt  at  slavish  imitation.  Industrially,  he  thinks,  Americans 
appreciate  themselves  25  per  cent.,  whilst  they  on  this  side 
depreciate  themselves  at  least  at  the  same  amount.  It  is  a  great 
mistake  to  think  that  the  British  are  getting  beaten,  just  because 
Americans  are  good  in  their  department  and  are  teaching  them 
something  in  return  for  the  immensely  greater  amount  that  they 
have  learnt  from  the  parent  stock. 
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PROCEEDINGS. 


Febrttaey  1905. 


The  Fifty-Eighth  Annual  General  Meeting  was  held  at  the 
Institution  on  Friday,  17th  February  1905,  at  Eight  o'clock  p.m. 
The  chair  was  taken  by  the  Eetiring  President,  J.  Hartley 
WicKSTEED,  Esq.,  who  was  succeeded  by  Edward  P.  Martin,  Esq., 
the  President  elected  at  the  Meeting. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

The  President  announced  that  the  following  two  Transferences 
had  been  made  by  the  Council : — 

Associate  Member  to  Member. 
Duncan,  William,      ....     Naauwpoort,  Cape  Colony. 

Graduate  to  Associate  Member. 
MoGG,  Henry  Hodges,         .         .  .     Bath. 

The  following  Annual  Eeport  of  the  Council  was  then  read : — 
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FOE  THE  YEAB  1904. 

The  Council  have  pleasure  in  presenting  to  the  Members  the 
following  Keport  of  the  progress  and  work  of  the  Institution  during 
the  past  year. 

With  great  regret  the  loss  is  recorded,  in  his  eighty-fifth  year, 
of  Field-Marshal  H.E.H.  the  Duke  of  Cambridge.  He  became 
an  Honorary  Member  in  1892,  and  on  several  occasions  showed  the 
great  interest  he  took  in  the  welfare  of  the  Institution. 

During  the  year,  His  Majesty  the  King  has  conferred  on  Members 
of  the  Institution  the  following  honours: — a  Baronetcy  upon 
Sir  J.  Fortescue  Flannery,  M.P. ;  and  a  Knighthood  upon  Mr. 
Joseph  W.  Swan,  F.E.S.,  and  Mr.  William  Lloyd  Wise. 

The  total  number  on  the  roll  of  the  Institution  at  the  end  of 
1904  was  4,477,  which,  as  compared  with  4,211  at  the  end  of  the 
previous  year,  shows  a  net  gain  of  266.  During  the  past  year  460 
candidates  were  elected,  of  whom  47  were  formerly  Graduates,  and 
2  elections  became  void,  thus  making  411  names  added  to  the 
register.  The  total  deductions  have  been  145,  made  up  of  50 
deceases  during  1903  (see  Eeport  of  1903),  59  resignations  which 
took  effect  on  1st  January  1901,  and  36  removals. 
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The  increase  in  membership  is  a  matter  for  congratulation, 
especially  Laving  regard  to  the  higher  standard  of  qualifications  now 
required. 

The  Council  wish  to  draw  the  attention  of  all  classes  of  members 
to  By-law  No.  7,  which  reads  as  follows :  — "  The  abbreviated 
distinctive  Titles  for  indicating  the  connection  with  the  Institution 
of  Members,  Associate  Members,  Graduates,  Associates,  or  Honorary 
Life  Members  thereof,  shall  be  the  following: — for  Members, 
M.I.Mech.E. ;  for  Associate  Members,  A.M.I.Mech.E. ;  for  Graduates, 
G.I.Mech.E. ;  for  Associates,  A.I.Mech.E.  ;  for  Honorary  Life 
Members,  Hon.M.I.Mech.E."  Other  abbreviations  are  not  recognised 
as  appertaining  to  this  Institution. 


F.R. 


DCKE   OF 


(Hon. 


The  following  fifty-four  Deceases  of  Members 
were  reported  during  the  year  1904  : — 

Atsumi,  Sadamoto, 
Banks,  George,*. 
Bayxes,  John, 

Bell,  Sir  Lowthiax,  Bart.,  LL.D. 
BiLLiNTON,  Robert  Juhn, 
Bower,  John  Wu^es,    . 
Brewster,  Walter  Secrford, 
Cambridge,  Field-Marshal  H.R.H. 

Life  ^lember),  . 
Clacher,  Daniel, 
CooKE,  Rupert  Thomas, 
Cooper,  William, 
Coward,  Edward, 
Davies,  Charles  Merson, 
Dayies,  Edward  John  Mines, 
Davis,  George, 

DiTOHBURN,  Robert  (deceased  1903), 
Douglas,  Fran-k  (Associate  Member), 
Evans,  Arthur  George, 
Fry,  Albert  (deceased  1903), 
Galloway,  Charles  John,     . 
Gorman,  William  Augustus, 
Goulty,  Wallis  Rivers, 


of  the  Institution 

Osaka. 

Manchester. 

London. 

^liddleshrougli. 

Brighton. 

Leamington  Spa. 

Sydney,  N.S.W. 

London. 

London. 

Slanchester. 

Leith. 

3Ianchester. 

Glasgow. 

London. 

Manchester. 

Bombay. 

Delagoa  Bay. 

London. 

Bristol. 

Manchester. 

London. 

South  wold. 
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Haevet,  Julius,   . 

Heatox,  George.  . 

HoLCBOFT,  Thomas, 

HoKSNELL,  Daniel, 

Howell,  Joseph  Bennett,     . 

Jameson,  John, 

Laws,  William  George, 

LrvocK,  Henry  Arthur, 

Lloyd,  Charles,  . 

McClean,  Frank,  LL.D.,  F.R.S., 

McDonnell,  Alexander, 

Mitchell,  James  Frederick  Bruce  (Associate 

Myers-Beswick,  William  Beswick, 

Nasmith,  Joseph,  . 

Nelson,  John, 

Oswald,  Eobeet,  . 

Parker,  Thomas,  Jun., 

Pope,  Joseph  Gordon, 

QuiN,  Egbert  Cornelius, 

EicKABY,  Alfred  Austin, 

Eoberts,  William, 

EoBsoN,  George,  . 

Rouse,  Frederick, 

Eussell,  Bbidgman, 

Stewart,  Duncan, 

Taylor,  John, 

Tower,  Beauchamp, 

Trueman,  Thomas  Brynalyn, 

Turner,  Tom  Newsum,  . 

White,  Charles  Fitzwilliam, 

WiDMARK,  HaKALD  WiLHELM, 

Wilson,  Walter  Henry, 


3Iember) 


London. 

Birmingham. 

Bilston. 

London. 

Sheffield. 

Newcastle-on-Tyne. 

Newcastle-on-Tyne. 

London. 

Bournemouth. 

London. 

London. 

Bombay. 

London. 

3Ianchester. 

York. 

Tientsin. 

Manchester. 

London. 

London. 

Sunderland. 

London. 

London. 

Peterborough. 

London. 

Glasgow. 

Nottingham. 

Brentwood. 

St.  Ives,  Cornwall. 

Nottingham. 

Lahore. 

Helsingborg. 

Belfast. 


Of  these,  Sir  Lowthian  Bell  was  elected  a  Member  in  1858, 
Member  of  Council  in  1870,  Vice-President  in  1872,  and  President 
in  1884;  Mr,  Piouse  had  been  a  Member  from  1856,  Mr.  Bower 
from  1858,  Mr.  Howell  from  1861,  Mr.  McDonnell  from  1865,  and 
Mr.  Fry,  Mr.  Galloway,  and  Mr.  Holcroft  from  1866. 

The  Accoimts  for  the  year  ended  31  December  1904  are  now 
submitted  (see  pages  114-117  and  118),  having  been  duly  certified  by 
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Mr.  Eobert  A.  McLean,  F.C.A.,  the  Auditor  appointed  by  the  Members 
at  the  last  Annual  General  Meeting. 

The  total  revenue  for  the  year  1904  was  £11,049  10s.  2c?.,  while 
the  expenditure  was  £10,406  Os.  8d.,  leaving  a  balance  of  revenue 
over  expenditure  of  £643  9s.  6d.,  exclusive  of  Entrance  Fees  £472 
and  Life  Compositions  £139  carried  direct  to  Capital  Account,  and 
exclusive  of  the  value  of  Subscriptions  in  arrear.  The  financial 
position  of  the  Institution  at  the  end  of  the  year  is  shown  by 
the  balance  sheet.  The  total  investments  and  other  assets  amount 
to  £72,175  Os.  3d.,  and,  deducting  therefrom  the  £25,000  of 
debentures  and  the  total  remaining  liabiKties,  £2,018  15s.  6d.,  the 
capital  of  the  Institution  amounts  to  £45,156  4s.  lOd.,  including  the 
£4,599  L.  and  N.  W.  Railway  3  per  cent,  and  the  £2,000  Midland 
Railway  2^  per  cent.  Debenture  Stocks  set  aside  for  Leasehold  and 
Debenture  Eedemption  Fund.  The  remaining  investments  consist  of 
£1,945  12s.  Midland  Railway  2^  per  cent.  Debenture  Stock  and 
£1,000  Consols  (2j^-  per  cent.).  The  certificates  of  the  securities 
have  been  duly  audited  by  the  Finance  Committee  and  the  Auditor. 

In  compliance  with  an  application  from  H.M.  Office  of  Works,  the 
Council  have  leased  to  that  Department  the  upper  floor  and  tower 
room  of  the  building. 

The  First  Report,  by  Professor  David  S.  Capper,  to  the  Steam- 
Engine  Research  Committee,  of  which  Mr.  William  H.  Maw  is 
Chairman,  has  now  been  completed,  and,  together  with  a  preliminary 
Report  on  Progressive  Speed  and  Pressure  Trials  carried  out 
previous  to  March  1896,  will  be  presented  at  the  March  Meeting. 
The  question  as  to  whether  this  research  should  be  continued,  and 
in  what  direction,  will  be  considered  after  the  discussion  on  the 
present  Report. 

Since  the  presentation,  in  January  1904,  of  the  late  Sir  William 
Roberts- Austen's  last  Report,  the  Alloys  Research  Committee,  under 
the  Chairmanship  of  Sir  William  H.  White,  has  continued  its  work 
at  the  National  Physical  Laboratory.     Dr.  Glazebrook,  Director  of 


Feb.  1905.  ANNTTAL    EEPORT.  109  • 

the  Laboratory,  has  arranged  a  series  of  investigations  on  specimens 
of  Nickel  Steel  presented  by  Mr.  E.  A.  Hadfield,  a  Member  of 
the  Committee.  It  is  anticipated  that  a  further  Eeport  will  be 
presented  this  year  by  the  Committee,  communicating  the  results  of 
these  researches.  Professor  J.  0.  Arnold,  Dr.  A.  Barr,  Mr.  F.  W. 
Harbord,  and  Mr.  J.  E.  Stead  have  been  appointed  to  the 
Committee.  Further  investigations  having  great  practical  importance 
are  now  being  considered. 

Professor  F.  W.  Burstall  reports  that  the  two  specially  constructed 
large  gas-engines  and  a  gas-holder  erected  in  the  new  Power  House 
of  the  University  of  Birmingham  are  now  available  for  the  Gas- 
Engine  Eesearch  Committee's  experiments.  A  scheme  of  experiments, 
indicating .  the  methods  of  working,  is  under  consideration,  and 
it  is  hoped  that  the  next  Eeport  will  be  ready  for  presentation  at 
the  opening  of  next  Session.  A  generous  gift  of  £100  towards 
the  expenses  of  carrying  on  the  research  has  been  received  from 
Dr.  Ludwig  Mond,  F.E.S.  The  name  of  Captain  H.  Eiall  Sankey 
has  been  added  to  the  Committee,  of  which  Dr.  A.  B.  W.  Kennedy  is 
Chairman. 

The  series  of  experiments  on  initial  condensation  in  steam 
cylinders,  which  Professor  T.  Hudson  Beare,  Eeporter  to  the 
Committee  on  the  Value  of  the  Steam-jacket,  is  carrying  out  with 
special  apparatus  for  the  purpose,  are  in  active  progress,  but  are  still 
incomplete.  The  results  obtained  so  far,  however,  justify  the  hope 
that  the  Committee,  under  the  Chairmanship  of  Mr.  Henry  Davey, 
mil  be  able  to  present,  during  the  year  1905,  an  interim  Eeport 
dealing  with  the  results  obtained  in  the  experiments  on  non-jacketed 
cylinders. 

The  Council  desire  to  record  their  thanks  to  members  and  others 
who  have  given  new  books  to  the  Library;  also  to  the  donors  of 
various  publications  of  Societies  and  Public  Authorities,  and  of 
technical  periodicals.  A  complete  list  of  additions  appears  on  pages 
118  to  132.  During  the  year  the  rules  for  borrowing  books  have 
been  revised. 
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By  invitation  of  the  American  Society  of  Mechanical  Engineers, 
conveyed  tlirougli  tlieir  President,  Mi'.  Ambrose  Swasey,  of  Cleveland, 
and  Secretary,  Professor  Hutton,  of  New  York,  the  Annual  Summer 
Meeting  jointly  with  that  of  the  American  Society,  was  held  in 
Chicago,  where  nineteen  Papers  were  dealt  with,  and  our  own 
Proceedings  have  been  enriched  by  four  of  the  American  contributions. 
The  registered  attendance  at  the  Meeting  was  about  930,  including  the 
President  and  Mrs.  Wicksteed  and  nearly  100  members  of  the 
Institution  with  their  ladies.  A  Local  Committee  in  Chicago 
arranged  visits  to  works  and  places  of  interest  in  the  neighbourhood, 
and  members  were  subsequeutly  entertained  at  Milwaukee,  Cincinnati, 
Montreal,  Boston,  and  the  St.  Louis  Exhibition,  where  Colonel 
"Watson,  Commissioner-General  for  Great  Britain,  invited  the 
members  of  both  Institutions  to  a  Garden  Party  at  the  British 
Pavilion,  and  the  local  Engineers*  Club  conducted  a  party  on  a 
steamer  expedition  up  the  Mississippi  River.  The  American 
Society  kindly  handed  to  the  visiting  members  the  names  of  a  large 
niunber  of  workshops  to  enable  each  member,  during  his  stay 
in  the  United  States  and  Canada,  to  make  his  own  selection  for 
Visits. 

An  additional  short  Summer  Meeting  took  place  in  London  on 
July  22nd,  and  the  Annual  Conversazione  at  the  Institution  was 
held  on  the  following  day. 

Monthly   Meetings   were  held   throughout   the   year,  with   the 
exception  of  May  to  September.     These  meetings,  with  the  Chicago 
Meeting,  were  occupied   with   the   reading  and  discussion   of  the 
following  Papers  :  — 
Sixth  Report  to  the  Alloys  Eesearch  Committee  on  the   Heat  Treatment  of 

Steel;  by  the  late  Sir  William  C.  Roberts- Austen,  K.C.B.,  D.C.L.,  D.Sc, 

F.R.S. ;  completed  by  Professor  William  Gowland. 
The  Motion  of   Gases  in  Pipes,  and  the  use  of   Gauges  to  determine  the 

Delivery  ;  by  ?.Ir.  Richard  Threlfall,  F.R.S. 
Compound  Locomotives  in  France  ;  by  M.  Edouard  Sauvage. 
The  Burning  of  Town  Refuse ;  by  Mr.  George  Watson. 
Refuse  Destruction  by  Burning,  and   the  Utilization  of  Heat  Generated ;  by 

Mr.  C.  Newton  Russell. 
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Some  Theoretical   and  Practical  Considerations  in   Steam-Turbine  Work;  by 

Mr.  F.  Hodgkinson. 
The  De  Laval  Steam-Turbine :  by  Messrs.  E.  S.  Lea  and  E.  MeJen. 
The  Curtis  Steam-Turbine ;  by  Mr.  W.  L.  R.  Emmet. 
Different  Application  of  Steam-Turbines ;  by  Professor  A.  Rateau. 
Middlesbrongh  Dock  Electric  and  Hydraulic   Power  Plant ;  by  IMr.  Vincent 

L.  Raven. 
Cast-L-on :  Strength,  Composition,  Specifications ;  by  Mr.  "William  J.  Keep. 
The  Effect  of  Strain  and  of  Annealing ;  by  Dr.  "William  Campbell. 
Experiments  with  a  Lathe-Tool  Dynamometer ;  by  IMr.  J.  T.  Nicolson,  D.Sc. 
Testing  Locomotives  in  England;  by  Mr.  G.  J.  Churchward  and  others. 
Design  and  Test  of  a  Modern  Steam-Power  Plant ;  by  Mr.  Edward  G.  Hiller. 
A  Scientific  Investigation  into  the  Possibilities  of  Gas-Turbines ;  by  Mr.  R.  M. 

Neilson. 
Impact  Tests  on  the  "Wrought  Steels  of  Commerce ;  by  Messrs.  A.  E.  Seaton  and 

A.  Jude. 
Heat   Treatment  Experiments  with  Chrome- Vanadium   Steel;   by  Captain  H. 

Riall  Sankey  and  Mr.  J.  Kent  Smith. 

The  following  Papers  were  accepted  for  publication  in  the 
Proceedings : — 

The  Measurement  of  direct  Strains  in  tensile  and  compressive  Test-pieces ;  by 

]Mr.  J.  Morrow,  M.Sc. 
The  Constitution  of  Metallic  Alloys  (Alloys  considered  as  Solutions) ;   by  the 

late  Sir  W.  C.  Roberts- Austen,  K.C.B.,  D.C.L.,  D.Sc,  F.R.S.,  and  Dr.  A. 

Stansfield. 
Malleable  L-on  Castings;  by  Mr.  C.  0.  Bannister. 
The  Alloys  of  Tin  and  Antimony ;  by  Dr.  W.  Reinders. 

The  Graduates  held  monthly  Meetings  during  the  Session 
1903-04,  and  made  three  Visits  to  Works,  including  an  excursion  to 
Dover.  The  average  attendance  was  about  34  at  the  Meetings  and 
30  at  the  Visits.  Each  Meeting  was  presided  over  by  a  Member  of 
Council,  except  on  one  occasion,  when  the  Chairman  of  the 
Graduates'  Association  took  the  Chair.  The  following  Papers  were 
read  and  discussed  : — 

The  Design  of  a  Town's  Tramway  Scheme  ;  by  Mr.  "William  McDonald. 
Heating  and  Ventilating  Workshops  on  the  Plenum  System ;  by  Mr.  "Walter  H. 

A.  Robertson. 
Main  and  Auxiliary  Steam  Pipework  for  Power  Stations;  by  Mr.  Henry  Baker. 
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Electric  Passenger  Lifts ;  by  Mr.  P.  H.  Stevens. 

Two-Cycle  Marine  Petrol  Motors ;  by  Mr.  Holbrook  Gaskell,  Jun. 

The  Manufacture  of  Linoleum  Floor-Clotli ;  by  Mr.  Edward  J.  Stevenson. 

A  Method  of  Locomotive  Valve-Setting ;  by  Sir.  G.  C.  Schultz. 

The  Papers  by  Mr.  Stevens  and  Mr.  Schultz  have  been  awarded 
prizes  by  the  Council. 

At  the  February  Meeting  of  the  Graduates'  Association,  Mr. 
"William  H.  Merrett,  A.E.S.M.,  delivered  an  illustrated  lecture 
summarising  "  The  Work  of  the  Alloys  Eesearch  Committee,"  which 
has  been  published  in  the  Proceedings.* 

It  is  intended  to  hold  the  next  Summer  Meeting  in  Belgium,  in 
view  of  the  International  Exhibition  to  be  held  at  Liege  in  1905. 

The  result  of  the  Ballot  for  the  election  of  President,  two 
Vice-Presidents,  and  seven  Members  of  Council,  to  fill  the  vacancies 
caused  by  retirement,  will  be  announced  at  the  Annual  General 
Meeting. 

*  Proceedings,  1904,  Part  4,  page  1319. 
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Dr.         ACCOUNT  OF  EEVENUE  AND  EXPENDITURE 

Expenditure. 

£       s.    d.        £     8.   d. 

To  Expenses  of  Maintenance  and  Management— 

Salaries  and  Wages 

Postages,  Telegrams,  and  Telephone 
Heating,  Lighting,  and  Power   . 
Fittings  and  Repairs 

Hougekeepitig 

Incidental  Expenses 


Printing,  Stationery,  and  Binding— 
Printing  and  Engraving  Proceedings 
Stationery  and  General  Printinq     . 
Binding 


Printing  General  Index  1885-1900 


2,900  14 
526  5 
169  0 
105  3 
167  19 
48  15 

0 
4 
0 
7 
11 
1 

3,917  17 

1,370  19 

689  12 

41  9 

10 

4 

11 

2,102  2 
208  17 

1 
1 

2,310  19 

11 


„  Rent,  Kates,  Taxes,  &c.—  ctk  it  o 

Ground  Bent tH  Vj  1 

Hates  and  Taxes oo     i  n 

33     4  0 


Insurance 


1,747  18     G 


Meeting  Expenses— 

American  Meeting o.t  io  o 

Printing ^V,   ^°  i 

Reporting ?n  i-  ^ 

Travelling  and  Incidental  Expenses      .     .      .  "^^  !•>  ^                ^  ^^ 

Conversazione 61  12  3 

Dinner  Expenses i  nn  n  O 

Gratuity  to  late  Housekeeper 6  7  6 

Graduates'  Prizes 215  8 

Books  purchased 

Engineering  Standards  Committee q?2  2  n 

Expenses  in  connection  with  Research  Committees    ....  rfiu  o  u 

Re-wirino;  Institution  Building,  final  payment «!  }5  ^ 

Depreciation  on  Furniture  and  Fittings bi  ii  i 

Debenture  Interest ^'^^^    ^    ^ 

Estimated  value  of  Subscriptions  in  arrear,  as  per 

1903  Balance  Sheet • 

Less  amount  of  arrears  actually  received  in  1904  . 


427  10  0 
426  10  0 

10  0 

Total  Expenditure 10,406    0 

ing  excess  of  Revenue  over  Expenditure  ( 

i-auce  Fees  £472,  and  Life  Compositic 
^^...^^  to  Capital  Account,  and  exclusive  of 
Subscriptions  in  arrear),  carried  to  Balance  Sheet 


Balance,  being  excess  of  Revenue  over  Expenditure  (exclusive 
of  Entrance  Fees  £472,  and  Life  Compositions  £139, 
carried  to   Capital   Account,  and    exclusive   of    value   ot 


£11,049  10     2 
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FOR  THE  YEAR  ENDED  31st  DECEMBER  190i.  Cr. 

Revenue. 

£        8.   d. 
By  Subscriptions  for  1901 10,551     0     0 

„   Rent  of  Upper  Floor  of  lustitutioa  Building 112  10     0 

„  Interest,  &c. — 

From  Investments  and  Bank 130    7     1 

Income  Tax  refunded    ...  ....        12  18    5 

lis    5    6 

„   Reports  of  Proceedings — 

Extra  Copies  sold ,      142    2     2 

„   Donation  from  Dr.  Mond  for  Gas-Engine  Research  ....       100    0     0 

„  Debenture  Transfer  Fees 0126 


£11,049  10    2 
~K~2 
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j)^^  BALANCE  SHEET 

£     8.    d. 
To  Debentures — 

250  of  £100  each  at  4%,  redeemalle  in  1917,  or  at  par  at  any 

date  after  1st  Jan.  1908,  on  six  months'  notice  to  holder  25,00U    U     u 

„  Sundry  Creditors—  ^        «•    ^• 

^ccoimfe  omngr  at  3lst  Dec.  1904  (s?nce  paid)  .     1 ,  /  25  1  <     7 
Unclaimed    Debenture    Interest    (fr)i(/»»/<«    no<  ^ 

P^^^^<i^ _!l!_.:_li  1,84_4     5    5 

„  Subscriptions  paid  in  advance 1<4100 

„  Capital  of  the  Institution  :—  oo  oc.  io    s 

J5atonce  a<  31«<  Dec.  1903 .,8,084  12    8 

Add:-  „         ,., 

.Ecceaa    of   Eevenue    over    Expenditure 

for  the  year  ended  31st  Dec.  19U4  .      .  04^,    9  6 

Amount  received  from  Life  Compostttons  ,„.     .  . 

during  1904 ^   •  l^iJ     0  0 

Amount    received   from    Entrance    tees  ^  ^^ 

during  1904 '        "  '  ^q  93r,     £     2 

Amount   invested  in  £4,590   London  and 

North  Western  By.  3%  Debenture  Stock, 

and  £2,000  Midland  By.  2^%  Debenture 

Stocli,  icith  interest  thereon,  set  aside  for 

BedemptionofDebenturesand  Institution  8  ^ 

Leasehold  Property,  see  contra      ....•••       4,Ji/     -     » 
(The  Market  Value  of  these  investments  and 

interestati\stDec.\^0\icasahoid£Q>.n\.') 


£72,175    0     3 


Signed  by  the  following  members  of  the  Finance  Committee  : — 
W.  H.  SIAW, 
E.  B.  ELLINGTON, 
H.  GRAHAM   HAERIS, 
MARK  ROBINSON. 
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AT  31sT  DECEMBEK  1904.  Cr. 

By  Cash—  £       s.   d. 

In  Union  of  London  and  Smiths  Bank —  £        s.    d. 

On  Deposit 1,500    0    0 

t;     s.     d. 
„  Current  Accouut        .      .      .     315  19    3 
Add  Paris  draft  not  yet  credited        3    0     0        348  19    3 


1,848  19    3 
In  the  Secretary's  hands     ....  49  11     1 


1,898  10    4 


„  Investments Cost    2,401     8     7 

£ 

1,945  128.  Midland  By.  2J%  Debenture  Stock. 
1,000  2J%  Ckmsoh. 

The  Market  Value  of  these  investments  at  31sf  Dee.  1904  was 
about  £2,405. 

„  Investment  of  Amount  set  aside  for  Redemption  of  Debentures 

and  Institution's  Leasehold  Property,  see  contra       .      .     .     4,917     2     8 
£4,599  London  and  North  Western  By.  3%  Debenture  Stock, 

and  £2,000  Midland   By.   2J%   Debenture   Stock,   cost 

£4,826   19s.   2d.  with  £90  Ss.  6d.  balance   of  interest 

thereon  to  be  invested. 
These  investments  with  their  accumulating  interest  are  set 

aside  for  the  above  purpose. 

.,   Subscriptions  in  arrear,  not  valued. 

,,  Furniture  and  Fittings  (?ess  depreci'aiiora) 1,229     S     0 

„  Books  in  Library,  Drawings,  Engravings,  Models,  Specimens, 

and  Sculpture  (esii'mafe  o/ 1893) 1,340    0     0 

„  Amount  in   Union  of  Loudon   and   Smiths   Bank  to  meet 

unclaimed  Debenture  Interest  (coMjjo/is  no<  j)re.?e?i^ed)  .     .         118     7  10 
„   Proceedings — stock  of  back  numbers,  not  valued. 
„  Institution  House Cost    GO, 270    2  10 


£72,175    0     3 


I  certify  that  all  my  requirements  as  Auditor  have  been  complied  "with, 
and  I  report  to  the  Members  that  I  have  audited  the  above  Balance  Sheet,  dated 
the  3l8t  December  1904,  and  in  my  opinion  such  Balance  Sheet  is  properly 
drawn  up  and  exhibits  a  true  and  correct  view  of  the  state  of  the  affairs  of  the 
Institution  as  shown  by  its  Books. 

ROBT.  A.  McLEAN,  F.C.A., 
Auditor, 
nth  January  1905.  1  Queen  Victoria  Street,  London,  E.C. 
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WILLANS  PEEMIUM  FUND. 

Investment  £159  88.  5d.  of  India  3%  Stock      ....      cost    £165    5«.    Orf. 

Dr.  Cr. 

£    s.    d.    \  £   8.    d. 

To  Balance,  held  in  trust     .    4  15    4        By  Interest,  1904  .      .     .       4  15    4 


£4  15     4 


£4  15     4 


Audited,  certified,  and  signed  by  the  names  on  pages  116-117. 
(For  the  Declaration  of  Trust,  see  Proceedings  1901,  page  16.) 


LIST  OF  ADDITIONS  TO  THE  LIBRABY. 


BOOKS  (Jn  order  received). 

Mechanical  Shipment  of  Coal,  by  E.  Herbert  Stone ;  from  the  author. 

The  Metallurgy  of  Steel,  by  F.  ^V.  Harbord,  with  a  section  on  the  Mechanical 

Treatment  of  Steel,  by  J.  TN'.  Hall ;  from  the  authors. 
Indian  Electricity  Act.  1903,  by  J.  "W.  Meares ;  from  the  author. 
Steam  Turbine  (2nd  Edition),  by  E.  M.  Neilson  :  from  the  author. 
Heating  by  Hot  Water,  Ventilation,  and  Hot  "Water  Supply  (3rd  Edition),  by 

Walter  Jones ;  from  the  author. 
Modern  Engines  and  Power  Generators,  by  Eankin  Kennedy. 
The  Centrifugal  Pump,  Turbines,  and  Water  Motors,  by  Charles  H.  Innee,  M.A. 
River  Training  and  Control  (on  the  Guide  Bank  System),  by  F.  J.  E.  Spring. 

CLE. ;  from  the  author. 
Science  and  Art  Drawing,  complete  Geometrical  course,  by  J.   Humphrey 
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Spanton ;  Treatise  on  Practical  Plane  and  Solid  Geometry,  by  T.  J.  Evans 

and  "SV.  "W.  F.  Pullen ;  Elementary  Treatise  on  jModern  Pure  Geometry,  by 

R.  Lachlan ;  Electric  Generators,  by  H.  F.  Parshall  and  H.  M.  Hobart ; 

from  Mr.  W.  H.  JMaw. 
Oil  Fields  of  Eussia,  by  A.  B.  Thompson  ;  from  the  author. 
Some  Features  of  American  Education,  by  Robert  Blair ;  from  IMr.  James  C.  Smail. 
Story  of  the  Atlantic  Cable,  by  Charles  Bright ;  from  the  author. 
Text-Book  of  Mechanical  Engineering,  by  W.  J.  Lineham  ;  from  the  author. 
Handbook  for  Gas  Engineers  and  Managers,  by  Thomas  Newbiggiug ;  from  the 

publisher. 
Recherches  Physiques  et  Physico-Chimiques  sur  I'Acier  au  Carbone,  by  Carl 

Benedicks  ;  from  the  author. 
Etude   Compare'e  des   Stations  Me'teorologiques  de  Beaulieu-sur-Mer  (Alpes- 

Maritimes)  Sevres  (Seine-et-Oise) — Yacquey  (Gironde),  by  G.  Eiflel ;  from 

the  author. 
Memorandum  as  to  the  "Wear  of  Rails,  North  Eastern  Railway,  April  1S96,  and 

Memorandum  (No.  2)  as  to  the  "Wear  of  Rails  and  Broken  Rails,  North 

Eastern  Railway,  1900,  by  Sir  Lowthian  Bell,  Bart. ;  from  the  author. 
Pocket-book  of  tJseful  Formulse   and   Memoranda   for  Civil  and  Mechanical 

Engineers,  by  Sir  Guilford  L.  Molesworth  and  H.  B,  IMolesworth ;  from  the 

authors. 
Entropy;     or,     Thermodynamics     from    an    Engineer's    standpoint,    and    the 

Reversibility  of  ThermodynamioB,  by  James  Swinburne ;  from  the  author. 
Paris    Universal    Exposition,   1889 :    Civil    Engineering,   Public    "Works,   and 

Architecture,  by  "William  "ft'atson ;  from  the  author. 
"World's  Columbian  Exposition,  Chicago  1893  :  International  Congress  on  "Water 

Transportation ;  from  Mr.  "William  Watson. 
Railway  Reminiscences,  by  G.  P.  Neele  ;  from  Mr.  W.  P.  ^Marshall. 
The  Assuan  Reservoir  and  Lake  Moeris,  by  Sir  "William  "Willcocks,  K.C.M.G.  ; 

from  the  author. 
First  Stage  Steam,  by  J.  "W.  Hayward ;  from  the  author. 
Resistenza  dei  Materiali  e  Stability  delle  Costruzioui,  by  Dr.  G.  Sandrinelli; 

from  the  publishers. 
Electric  Motors,  by  Henry  M.  Hobart ;  from  the  publishers. 
Sydney  Harbour  Bridge  Advisory  Board,  Report  and  Plans ;  from  Mr.  Joseph 

Davis. 
Valves  and  "N'alve  Gearing,  by  Charles  Hurst. 

County  Bridges  ;  Picturesque  "Westminster;  from  Mr.  "Walter  Emden. 
Memoria  acerca  del  Estado  y  Progreso  de  las  Obras  de  Saneamiento  de  la  I.  Villa 

de  Bilbao,  1  Enero-31  Diciembre  1903;  from  Jlr.  T.  A.  Greenhill. 
Divers  Types  de  Bloteurs  a  Vapeur,  by  Professor  Edouard  Sauvage ;  from  the 

author. 
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Pioneer  Irrigation  and  Light  Railways,  by  E.  O.  Mavrson  and  E.  R.  Calthrop  ; 

from  Mr.  E.  R.  Calthrop. 
Buenos  Aires  Harbour,  by  Luis  A.  Huergo ;  from  the  author. 
Historical   Sketch  of   the   Purdue  University,   1874-1899;    from  Mr.   Edgar 

Worthington. 
Fowler's    Mechanical    Engineer's    Pocket    Book,  1905 ;     Fowler's    Electrical 

Engineer's  Year  Book,  1905  ;  from  Mr.  "W.  H.  Fowler, 
^lotor  Cars  and  the  Application  of  Mechanical  Power  to  Road  Vehicles,  by 

Rhys  Jenkins ;  from  the  author. 
Civil  Engineer  and  Architect's  Journal  (5  vols.),  1837-1838,  1839, 1840,  1841, 

and  1842  ;  from  Mr.  Edwin  O.  Sachs. 
Berlin    und  seine  Eisenbahnen,   1846-1896,   Bands   I   and  II;    from   Mr.   S. 

Richardson  Blundstone. 
Life  of  Robert  Napier,  by  James  Napier,  F.R.S.E. 
Winding  Plants  for  Great  Depths  (Text  and  Plates),  by  H.  C.  Behr ;  from  the 

author. 
The  Metric  Fallacy,  by  F.  A.  Halsey,  and  The  Metric  Failure  in  the  Textile 

Industry, by  S.  S.  Dale;  from  the  authors. 
Life  as  an  Engineer,  its  Lights,  Shades  and  Prospects,  by  J.  W.  C.  Haldane ; 

from  the  author. 
Report  on  the  Electrical  Industry  in  the  L^nited  States  and  Canada,  by  S.  E. 

Fedden ;  from  the  author. 


OFFICIAL  PUBLICATIONS. 

Annual  Report  of  the  Columbian  Minister  of  Mines  for  the  year  ending 
31  December  1903  ;  from  the  Minister. 

Technical  Papers,  1903;  from  the  Government  of  India. 

Annual  Report  of  the  Department  of  Mines,  1903 ;  Report  of  the  Department 
of  Public  Works,  for  the  year  ended  30  June  1903 ;  Report  of  the  Railway 
Commissioners  for  the  year  ended  30  June  1904;  Year  Book  of  New 
South  Wales,  1904;  Statistical  Account  of  Australia  and  New  Zealand, 
1902-3 ;  from  the  Government  of  New  South  Wales. 

Annual  Report  of  the  Chief  of  Ordnance,  1903  ;  Report  of  the  United  State* 
Naval  •'  Liquid  Fuel  "  Board  of  Tests  conducted  on  the  Hohensteiu  Water 
Tube  Boiler ;  from  the  Government  of  the  United  States  of  America. 

Twenty-Fourth  Annual  Report,  1902-1903;  Monographs,  XLIV,  XLV  (with 
Atlas),  XLVl;  Mineral  Resources  of  the  United  States,  1902;  Bulletins, 
208-233,  241 ;  Professional  Papers,  IX  to  XXVII ;  Water  Supply  and 
Irrigation  Papers,  Nos.  80-98,  101,  102  and  104;  from  the  U.S.  Geological 
Survey. 


Feb.  1905.  ANNUAL   REPORT.  121 

Gold-Fields  of  Victoria,  Monthly  Eeturns;  from  the  Chamber  of  Mines, 
Victoria. 

Supplement  to  Government  Gazette  of  "Western  Australia ;  Series  of  Maps 
descriptive  of  the  Coolgardie  Mining  Districts,  Western  Australia  ;  Eeport 
on  the  Working  of  the  Government  Railways  and  the  Eoe  bourne-Cossack 
Tramway,  30th  June  1903  ;  West  Australian  Mining  and  Metallurgy,  by 
D.  Clark;  Inquiry  into  an  Explosion  which  occurred  on  board  the 
s.s.  "Coolgardie"  on  the  24th  May  1904;  from  the  Government  oi 
Western  Australia. 

PAMPHLETS,  &c. 

President's  Inaugural  Address,   Liverpool    Engineering    Society,    by    T.    L, 

Miller ;  from  the  author. 
Pneumatic  and  Electric  Locomotives  in  and  about   Coal-Mines;    British  and 

American    Coal-Cutting    Machines;     from    the    author,    Mr.    A.     S.    E. 

Ackermann. 
How  to  Adopt  the  Metric  System,  by  Thomas  Parker  ;  from  the  author. 
Temporary  Dams,  by  G.  C.  Kenyon  ;  from  the  author. 
An  Efficient   High-Pressure  Water-Power    Transmission    Plant;    Tangential 

AVater  Wheel  Efficiencies ;  from  the  author,  Mr.  G.  J.  Henry,  Jun. 
M.S.    List    of    Cylinders    and    other    parts   of   Pumping    Engines    made  at 

Coalbrookdale ;  from  Mr.  W.  G.  Norris. 
Mining  of  Non-metallic  Minerals  (Cantor  Lectures),  by  B.  H.  Brough ;  from 

the  author. 
Problems  in  Transportation  by  Eail,  by  G.  H.  Sheffield  (Presidential  Address 

to  Xewcastle-on-Tyne  Association  of  Students  Inst.  C.E.)  ;  from  the  author. 
Technical  Education  of  Apprentices  (Address  to  the  Engineering  Students  at 

Battersea  Polytechnic),  by  C.  L.  Simpson  ;  from  the  author. 
Steam  Turbines  for  Power  Stations  and  Factories,  by  E.  M.  Xeilson ;  from  the 

author. 
Anleitung  zur  sachgemassen  Bedienung  der  4  cylindrigen  Verbund-Schnellzug- 

Lokomotiven  Bauart  de  Glehn ;  from  Professor  Edouard  Sauvage. 
Horsfall    Destructors — Eeport    by    Lord    Kelvin  and   Prof.   Barr;    from   the 

Horsfall  Destructor  Co. 
Ventilation,  by  G.  H.  Bibby ;  from  the  author. 
History  of  Eailway  Permanent- Way ;  History  of  the  Groby  Granite  (private) 

EaUway ;  History  of  the  Bagworth  Colliery  (private)  Eailway ;  History  of 

the  Whitwick   Colliery  (private)   Eailway;    from  the  author,  Mr.  C.  E. 

Stretton. 
Inaugural  Address  to  the  Manchester  Association  of  Engineers,  by  Alfred 

Saxon ;  from  the  author. 
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Graphic  Method  for  the   Computation  of  Blast  Furnace  Charges,  bj'  C.  O. 

Bannister ;  from  the  author. 
Valves  and  Valve  Mechanism  of  Internal   Combustion   Engines,  by    R.    E. 

Phillips  ;  from  the  author. 
Best  Method  of  Sewage  Disjiosal  for  small  Communities,  by  F.  W.  Stoddart ; 

from  the  author. 
Croydon  Bourne  Flows,  by  Baldwin  Latham ;  from  the  author. 
Whirling  and  Transverse  Vibrations  of  Rotating  Shafts,  by  C.  Chree ;  from  the 

author. 
Presidential  Address  to  the  Shanghai  Society  of  Engineers  and  Architects,  by 

Thomas  Bxmt ;  from  the  author. 
Description  of  the  Simmance-Abady  Pliotometer;  from  Messrs.  Simmance  and 

Abady. 
Engineering  Laboratories  (Electrical   and  Mechanical)  at  the  South- Western 

Polytechnic.  Chelsea ;  from  Professor  W.  W.  F.  Pullen. 
Flow  of  Gas  in  jMains  and  Distribution  at  High-Pressure,  by  Professor  W.  C. 

Unwin  ;  from  the  author. 
Peimsylvania,  New  York  and  Long   Island  Railroad.  East  River  Division, 

Specifications  and  Contract  (with  Drawings) ;   Pennsylvania,  New  Jersey 

and  New  York  Railroad,  North  River  Division,  Specifications  and  Contract 

(with  Drawings);    Pennsylvania,  New  York  and  Long  Island  Railroad, 

North  River  Division,  Specifications  and  Contract  (with  Drawings) ;  from 

Mr.  C.  IM.  Jacobs. 
Stresses  Developed  in  Beams  Loaded  Transversely;    New   Extensometer,  by 

Professor  H.  T.  Bovey  ;  from  the  author. 
Schnellbetrieb  auf  Hauptbahnen,  by  Yon  Borries  ;  from  the  author. 
Canals,  by  L.  B.  Wells  ;  from  the  author. 

Projected  Rhine-Neckar-Danube  Ship  Canal;  Foreign  OflSee  Publication  No.  613. 
Canals  and  other  navigable  Waterways  of  Belgium ;  Foreign  Office  Publication 

No.  G04. 
Reports  from   H.M.'s    Representatives    on    Navigable    Inland   Waterways  in 

Austria-Hungary,    Belgium,    France,    Germany,    and    the    Netherlands; 

Commercial  No.  7  (1903). 
Etude  sur  la  Solubilite  du  Sulfate  de  Chaux,  by  M.  Boyer-Guillon  ;  Etude  sur 

la  Solubilite'  du  Sulfate  de  Chaux — Introduction  par  M.  Hirsch ;  Laboratoire 

d'Essais  du  Conservatoire  des  Arts  et  Me'tiers,  Section  des  Machines,  by 

A.  Boyer-Guillon ;  from  M.  A.  Boyer-Guillon. 
Return  Pipe  System  of  Compressed-Air  Power  Transmission,  by  H.  C.  Behr  ; 

from  the  author. 
Dock  Improvements  at  Liverpool,  by  G.  C.  Kenyon ;  from  the  author. 
Labile   und  Metastabile  Gleichgewichte  in  Eisen-kohlenstoff-legierungen,  by 

Professor  E.  Heyn ;  from  the  author. 
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Use  of  Steel  in  American  Lofty-Building-Construction,  by  B.  H.  Tliwaite ;  from 
the  author. 

Presidential  Address  to  Section  II  (Engineering  and  Architecture)  of  The 
Sanitary  Institute  Congress  at  Glasgow,  by  Professor  Henry  Eobinson; 
from  the  author. 

Prevention  of  Theatre  Catastrophes,  by  Alexander  Nagy  :  from  the  author. 

Rail-  and  Tramway  Guide  to  Java,  1891;  Pittsburgh,  Pennsylvania,  U.S.A. ; 
Chicago,  111.,  U.S.A. ;  Relation  of  Science  to  Art :  in  Reference  to  Taste 
and  Beauty,  by  Sir  Samuel  Wilks,  Bart. ;  Why  the  Discovery  of  Natural 
Gas  is  a  matter  of  National  Importance;  Statistical  Tables  showing  the 
Production  and  Consumption  of  Iron  Ore  and  Pig  Iron,  and  the  Production 
of  Steel,  in  the  United  Kingdom  and  principal  Foreign  Countries,  1890- 
1901;  Metallurgy  as  Applied  in  Engineering,  by  A.  P.  Head;  Report  of 
the  Select  Committee  on  Ventilation  appointed  by  the  House  of  Commons 
(Blue  Book,  1903)  ;  from  Mr.  Edgar  Worthington. 

Ravages  of  Ship-worms  on  Australian  Hardwoods  ;  from  Mr.  Joseph  Davis. 

Krell  COo  Recorder ;  from  Mr.  W.  G.  Stones. 

The  Kensington  and  the  Netting  Hill  Electric  Lighting  Companies  (Description 
of  Works)  ;  Der  Druitt  Halpin-Wdrmespeicher ;  from  Mr.  Druitt  Halpin. 

The  State  Leaving  Examination  in  Norway:  its  nature  and  results;  from 
Mr.  Robert  L.  Morant. 

The  Fish  Propeller  of  Chief  Engineer  Zdenko  Ritter  von  Limbeck;  from 
the  Herr  Ritter  von  Limbeck. 

Nouveau  systbme  de  traitement  des  Alluvions  Auriferes  au  moyen  de  Sluice-box 
mobile,  by  Felix  Francois ;  from  the  author. 

The  Wicksteed  Testing  Machine  at  the  Conservatoire  Nationale  des  Arts  et 
IVIetiers,  Paris,  by  J.  Hartley  Wicksteed ;  from  the  author. 

Constitution  of  Cast  Iron ;  Change  of  Structure  in  the  Solid  State ;  Notes  on 
Metallography ;  Structure  of  Alloys  (Part  II),  Some  Ternary  Alloys  of  Tin 
and  Antimony ;  Notes  on  Platinum  and  its  Deterioration ;  from  the 
author.  Dr.  William  Campbell. 

The  following  Papers  read  at  International  Engineering  Congress,  St.  Louis, 
Missouri,  3-8  October  1904  :— Harbors, by  William  Matthews;  Manufacture 
of  Cement,  by  R.  W.  Lesley ;  Concrete  and  Concrete-Steel,  by  A.  Considere ; 
Tests  of  Materials  of  Construction— Cement,  by  W.  A.  Aiken ;  Steel,  by 
L.  Bade;  Steel,  by  W.  R.  Webster;  Timber,  by  Gaetano  Lanza  ;  Materials 
other  than  Metals,  by  Edouard  Candlot;  from  the  American  Society  of 
Civil  Engineers. 

The  following  from  the  Engineering  Standards  Committee :— Interim  Report, 
British  Standards  for  Electrical  Machinery;  No.  6,  Properties  of  British 
Standard  Sections ;  No.  7,  British  Standard  Tables  of  Copper  Conductors 
and  Thicknesses  of  Dielectric;  No.  8,  British  Standard  Specification  for 
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Tubular  Tramway  Poles  ;  No.  9,  British  Standard  Specification  and  Sections 
of  Bull-Headed  Kailway  Rails  ;  Statement  of  Work  now  in  progress. 

Rede  zur  Feier  des  Geburtstagea  Seiner  Majestat  des  Kaisers  und  Konigs 
"Wilhelm  II,  20  Januar  190i  ;  Untersuchung  des  Drehfeldes  eines 
asynchronen  Dreiphasen-^Iotors  mit  Phasenanker ;  Die  Passungen  im 
Maschinenbau  ;  Stroboskopischer  Scblupfungsmesser  fiir  asynchrone 
Weclisel-  und  Drehstrommotoren  ;  Die  Sacbgemiisslieit  der  Bremsea 
elektrischer  Strassenbahnen  und  die  Mittel  zur  sachgemassen  Steigerung 
ihrer  Leistungslahigkeit  ;  Untersuchungen  an  den  Gaserzeugern  der 
Tiegelgukstahlfabrik  "  Poldihiitte  "  zu  Kladno  in  Bohmen  ;  Ueber  die  bei 
elektriscben  Anlagen  an  Bord  von  Schiffen  zu  verwendende  Stromart ; 
Regulierung  von  Gasmaschinen ;  Uber  Schwtrlast-Drehkrane  im  AVerft- 
und  Hafeuverkehr ;  Uber  die  Erzeugung  elektriscber  Energie  mit  Hilfe 
von  Kanalisations-Klarscblamm ;  from  the  Rector,  Berlin  Kuniglichen 
Technischen  Hochschule. 

List  of  Chinese  Lighthouses,  Light- A'essels,  Buoys  and  Beacons,  1904  ;  from  the 
Inspector-General  of  Chinese  Customs. 

Board  of  Trade  Reports  on  Boiler  Explosions;  Regulations  relating  to  tlie 
Examination  of  Engineers  in  the  Mercantile  Marine;  from  the  Board  of 
Trade. 

Classified  Lists  and  Distribution  Returns  of  Establishment,  Indian  Public  Works 
Department,  to  31  December  190.3  and  30  June  1904 ;  from  the  Registrar. 

Universal  Directory  of  Railway  OiBcials,  1904;  Directory  of  Shipowners, 
Shipbuilders,  and  ^larine  Engineers,  1904  ;  from  the  publishers. 

The  following  from  the  Patent  Office : — Abridgments  of  Specifications  of 
Patents  for  Inventions,  1S67-7G :— Classes  1-3,  5,  6,  9-11,  13-lG,  18-22, 
24-26,  28,  30,  31,  35-40,  42-53,  55,  56,  58,  60-62,  64-66,  68-70,  72-146; 
1877-83  :— Classes  1,  2,  9,  15,  17,  35-41,  43,  53,  63,  72,  82,  90,  92,  98,  112, 
119,  125,  141;  Subject  List  of  works  on  the  Fine  and  Graphic  Arts 
(including  Photography),  and  Art  Industries ;  Illustrated  Official  Journal 
(Patents). 

CALENDARS,  ETC. 

Calendars  1904-1905  from  the  following  Colleges : — Royal  Technical  High 
School,  Berlin;  University  of  Birmingham  (Calendar  and  Journal); 
University  College,  Bristol;  Royal  Teclinical  High  School,  Danzig; 
Glasgow  and  West  of  Scotland  Technical  College  (Calendar  and  Report)  ; 
University  of  Leeds  (Calendar  and  Report);  City  and  Guilds  of  London 
Institute  (Calendar  and  Report) ;  City  of  London  College ;  King's 
College,  London ;  South  Western  Polytechnic,  London ;  University  College, 
London;  Redruth  School  of  Mines;  University  College,  Sheffield;  Civil 
Engineering  College,  Sibpur. 
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University   College  of    South   'Wales  and  Monmouthshire,   Cardiff,   Calendar 

1903-1904;  from  the  College. 
Crystal  Palace  Engineering  School  Magazine  ;  from  Mr.  J.  W.  Wilson. 
Eoyal  Technical  High  School,  3Iunich,  Report  1902-1903,  Calendar  1903-190i  ; 

from  the  School. 
The  following  from  California  University,  U.S.  America: — Register,  1903-1904; 

Chronicle,  Vol.  vi.,  Nos.  2-4 ;   Bulletin,  Vol.  3,  Xos.  13-20 ;  Study  of  the 

Double  Cyanides  of  Zinc  with  Potassium  and  with  Sodium. 
Michigan  College  of  Mines,  Year-book  1903-1904  ;  from  the  College. 

CATALOGUES. 

Hydraulic  Machinery  ;  from  the  West  Hydraulic  Engineering  Co. 

Water  Supply ;  from  IMessrs.  Merry  weather  and  Sous. 

Power  Transmitting  IMacliinery  ;  from  Messrs.  Croft  and  Perkins. 

British  Engineering   Standards   Coded   Lists,  Volume   I,  Rolled   Sections  for 

Constructional  Iron  and  Steel  Tram  RaUs ;  from  Mr.  Robert  Atkinson. 
Temperley  Transporters ;  from  the  Temperley  Transporter  Co. 
General  Electric  Co.,  1902 ;  from  the  Company. 
Electric  Cranes,  Hoisting,  and  Contractors'  Machinery  ;  from  Messrs.  Jessop  and 

Appleby  Brothers. 
Diving  Apparatus ;  Messrs.  Siebe,  Gorman  and  Co. 
History  of  the  Coolgardie  Water  Supply  Scheme ;  from  Messrs.  James  Simpson 

and  Co. 
Non-corrosive    Steam,    Water,    and    Vacuum     Gages,    by    the     Star    Brass 

Manufacturing  Co. ;  from  Messrs.  Green  and  Boulding. 


PHOTOGRAPHS  AND  DBA  WINGS. 

Type  Drawing  of  Cast-Iron  Pipes,  Branches,  Bends,  and  Surface  Boxes, 
Brisbane  Board  of  Waterworks  ;  from  Mr.  H.  G.  Foster-Barham. 

Albany-Schenectady  Electric  Railway,  Photograph  of  Trolly  Track  near 
Crystal  Lake  Station ;  from  Mr.  H.  G.  Keist. 

Corliss  Engines,  St.  Louis  Exhibition  ;  from  The  Murray  Ironworks  Co. 

Valve  Diagrams  of  Locomotives  on  Midland  Railway,  and  North  Western 
Railway ;  Five  Photographs  of  Rogers'  Locomotives ;  Four  Photographs  of 
Compound  Locomotives  by  F.  W.  Dean ;  from  Mr.  Edgar  Worthington. 

Photograph  of  an  Akroyd  Gas  Engine :  from  Mr.  H.  Akroyd-Stuart. 

Six  W.  C.  Japanese  Tank  Engines  (3  Photographs  and  6  Blue  Prints) ;  from 
Mr.  F.  Trevithick. 

Portrait  of  G.  H.  Corliss  ;  from  Mr.  B.  H.  Thwaite. 
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Photograph  of  Newcastle  High-Level  Bridge ;  from  Mr.  J.  "W.  Spencer. 
Photogi-aph  of  Murdock's  Original  Gas  Holder  (about  1 798) ;  from  3Iessrs.  "W. 

and  T.  Avery. 
Photograph  of  the  Members  of  the  American  and  British  Engineers  at  the 

"Works  of  the  Illinois  Steel  Co.,  Chicago  Meeting  1904  ;  from  Mr.  Eobcrt  I. 

Clegg. 


The  Jollowing  PUBLICATIONS  of  TECHNICAL  SOCIETIES,  &c.  .— 
BRITISH  ISLES. 

British  Association  for  the  Advancement  of  Science  ;  Report. 

British  Fire  Prevention  Committee. 

Chemistry  of  Great  Britain  and  Ireland,  Institute  of;  Proceedings,  and  List  of 

Fellows  1904-5. 
Civil  Engineers,  The  Institution  of;  Proceedings. 
Civil  Engineers  of  Ireland,  Institution  of,  Dublin  ;  Transactions. 
Civil  and  Mechanical  Engineers'  Society ;  List  of  Members. 
Cleveland  Institution  of  Engineers,  Middlesbrough ;  Proceedings. 
Electrical  Engineers,  Institution  of ;  Journal. 
Engine,  Boiler,  and  Employers'  Liability  Insurance  Company,  Manchester ; 

Report  (from  Mr.  Michael  Longridge). 
Engineers  and  Shipbuilders  in  Scotland,  Institution  of,  Glasgow ;  Transactions. 
Gas  Engineers,  Institution  of;  Transactions. 
Iron  and  Steel  Institute ;  Journal. 
Junior  Engineers,  Institution  of ;  Transactions. 

Literary  and  Philosophical  Society  of  Manchester  ;  ]Memoirs  and  Proceedings. 
Liverpool  Engineering  Society ;  Transactions. 

Liverpool  Public  Libraries,  ISIuseums,  and  Art  Gallery;  Fifty-first  Annual  Report. 
Manchester  Association  of  Engineers ;  Transactions. 
Manchester  Geological  and  jMining  Society  ;  Transactions. 
Manchester  Steam  Users'  Association  ;  Report. 
Marine  Engineers,  Institute  of;  Transactions. 
jNIining  and  Metallurgy,  Institution  of ;  List  of  Members. 
Mining  Engineers,  Institution  of,  Newcastle-on-Tyne ;  Transactione. 
National  Physical  Laboratory;  Report,  1003. 
Naval  Architects,  Institution  of ;  Transactions. 

Newcastle-upon-Tyne  Public  Libraries ;  Twenty-third  Annual  Report. 
North      of    England     Institute    of     Mining    and    Mechanical      Engineers, 

Newcastle-on-Tyne ;  Transactions. 
North-East  Coast  Institution  of  Engineers  and  Shipbuilders,  Newcastle-on-Tyne ; 

Transactions. 
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Patent  Agents,  Chartered  Institute  of ;  Transactions. 

Permanent  AVay  Institution;  Proceedings. 

Philosophical  Society  of  Glasgow ;  Proceedings. 

Physical  Society  of  London ;  Proceedings. 

Radcliffe  Library,  Oxford  ;  Catalogue  of  Additions  during  1903. 

Royal  Agricultural  Society  of  England  ;  Journal. 

Eoyal  College  of  Physicians  of  London  ;  List  of  Fellows,  &c. 

Eoyal  Cornwall  Polytechnic  Society,  Falmouth ;  Report. 

Eoyal  Engineers'  Institute,  Chatham  ;  Professional  Papers. 

Royal  Institute  of  British  Architects  ;  Journal. 

Royal  Irish  Academy,  Dublin  ;  Transactions  and  Proceedings. 

Royal  Scottish  Society  of  Arts,  Edinburgh ;  Transactions. 

Royal   Society  of  London ;   Philosophical  Transactions  (A),  Proceedings,   and 

Year-Book  1904. 
Royal  United  Service  Institution ;  JoTimal. 
Rugby  Engineering  Society ;  Proceedings. 
Sanitary  Engineers,  Institute  of ;  Proceedings. 
Science  Abstracts — Physics  and  Electrical  Engineering. 
Society  of  Arts ;  Journal. 
Society  of  Chemical  Industry ;  Journal. 
Society  of  Engineers ;  Transactions. 

South  Wales  Institute  of  Engineers,  Cardiff ;  Proceedings. 
Staffordshire  Iron  and  Steel  Institute,  Dudley ;  Proceedings. 
Surveyors'  Institution ;  Transactions  and  Professional  Notes. 
Waterworks  Engineers,  British  Association  of ;  Transactions. 
West  of  Scotland  Iron  and  Steel  Institute,  Glasgow ;  Journal. 


Africa. 

Chemical,  Metallurgical  and  Mining  Society  of  South  Africa,  Johannesburg  ; 

List  of  Members,  1903. 
Transvaal  Technical  Institute,  Johannesburg;    Pieport  of  Opening  Ceremony 

and  Prospectus. 

Austria. 

Zeitschrift  des  Osterreichischen  Ingenieur-  und  Architekten-Vereines,  Vienna. 
Zpravy  spolku  Architektuv  a  Inzenyru  v  kralovstvi  ceske'm,  Prague. 

Belgium. 
Academic  Royals  de  Belgique,  Brussels ;  Bulletin. 
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Association  des  luge'nieurs  sortis  des  Ecoles  spe'cialea  de  Gand  ;  Annales. 
lateraational  Railway  Congresa  (English  edition),  Brussels  ;  Bulletin. 

Canada. 
Canadian  Society  of  Civil  Engineers,  Montreal ;  Transactions. 

China. 
Shanghai  Society  of  Engineers  and  Architects ;  Transactions. 

France. 

Acade'mie  des  Sciences,  Paris ;  Comptes  Eendus  des  Seances. 

Annales  des  Mines,  Paris. 

Association  FranQaise  pour  I'Avancement  des  Sciences,  Paris  ;  Compte  Rendu. 

Association  Technique  Maritime.  Paris  ;  Bulletin. 

Associations  de  Proprie'taires  d'Appareils  h,  Vapeur,   Paris;    Compte   Rendu 

des  Se'ances. 
Ge'nie  Maritime,  Paris ;  Memorial. 
Ponts  et  Chausse'es,  Paris  ;  Annales. 
Porta  Maritimes  de  la  France,  Paris. 
Eevne  Maritime,  Paris. 

Socie'te'  Scientifique  Industrielle,  Marseilles  ;  Bulletin. 
Socie'te'  d'Encouragement  pour  I'lnduatrie  Nationale,  Paris ;  Bulletin. 
Socie'te'  Industrielle  du  Nord  de  la  France,  Lille  ;  Bulletin. 
Socie'te'  des  Inge'nieurs  Civils  de  France,  Paris ;  Me'moirea. 

Germany, 

Organ  fiir  die  Fortschritte  des  Eisenbahnwesens  in  technischer  Beziehung. 

Repertorium  der  Technischen  Journal-Literatur,  1903. 

Socie'te  Industrielle  de  Mulhouse ;  Bulletin. 

Stahl  und  Eisen. 

Yerhandlungen  des  Vereines  zur  Beforderung  des  Gewerbfleisses. 

Zeitschrift  fiir  Architektur  und  Ingenieurwesen,  Hannover. 

Zeitschrift  des  Bayerischen  Revisions- A'ereins,  Munich. 

Zeitschrift  des  Vereines  deutscher  Ingenieure,  Berlin. 

Holland. 

Tijdschrift  van  het  Koninklijk  Instituut  van  Ingenieurs,  's  Gravenhagc. 
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India. 
Asiatic  Society  of  Bengal,  Calcutta ;  Proceedings  and  Jomnnl. 

Ifahj. 

Associazione  fra  gli  Utenti  di  caklaie  a  Vapore   nelle  Proviucie  Napolitane  ; 

Kapporto  dell'  Ingegnere  Direttore. 
Associazione  Elettrotecnica  Italiana,  Piome  ;  Atti. 
Societa  degli  Ingegneri  e  degli  Architetti  Italiani,  Eome ;  Annali. 

Japan. 
Japan  Society  of  Mechanical  Engineers,  Tokyo ;  Journal, 

Noricai/. 
Teknisk  Ugeblad,  Christiania. 

Siceden. 
Svenska  Teknologfbreningen,  Stockliolm. 

United  States. 

American  Academy  of  Arts  and  Sciences,  Boston ;  Proceedings. 

American  Institute  of  Mining  Engineers,  New  York ;  Transactions. 

American  Pliilosopliical  Society,  Philadelphia;  Proceedings. 

American  Society  of  Civil  Engineers,  New  York ;  Transactions  and  Proceedings. 

American  Society  of  Mechanical  Engineers,  New  Y'ork ;  Transactions. 

Association  of  Engineering  Societies,  Philadelphia  ;  Journal. 

Franklin  Institute,  Philadelphia  ;  Journal. 

John  Crerar  Library,  Chicago ;  Ninth  Annual  Report. 

School  of  Mines  Quarterly,  Columbia  College,  New  York. 

Smithsonian  Institution,  Washington  ;  Annual  Report. 

Standards,  National  Bureau  of,  "Washington ;  Annual  Report  and  Bulletin. 

United  States  Artillery,  Fort  Monroe ;  Journal. 

United  States  Naval  Institute,  Annapolis ;  Proceedings. 

United  States  Patent  Office  Gazette,  Washington. 

Western  Society  of  Engineers,  Chicago  ;  Journal. 

Victoria. 
Australasian  Institute  of  Mining  Engineers,  Melbourne;  Transactim?. 
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The  following  FERIODICALS  from  the  respective  Editors : — 
BRITISH  ISLES. 


Anns  and  Explosives. 

The  Autocar. 

Automobile  Club  Journal. 

The  Automotor  Journal. 

Board  of  Trade    Journal  (from    Mr. 

Henry  Chapman). 
The  British  Architect. 
The    British    Empire    Review    (from 

Mr.  Henry  Chapman). 
The  Builder. 
Camera  Club  Journal. 

The  Car. 
Cassier's  Magazine. 

The  Chamber  of  Commerce  Journal 
(from  Mr.  Henry  Chapman). 

Cold  Storage  and  Ice  Trades  Review. 

The  Colliery  Guardian. 

The  Contract  Journal. 

The  Electrical  Engineer. 

Electrical  Investments. 

Electrical  Magazine. 

The  Electrical  Review. 

The  Electrical  Times. 

The  Electrician. 

The  Engineer. 

The    Engineer     and     Iron     Trades' 
Advertiser. 

Engineering. 

The  Engineering  Magazine. 

Engineering    Press    Monthly    Index 
Review. 

Engineering  Review. 

Engineering  Times. 

The  Export  Review. 

The  Fireman. 

The  Fishing  Gazette. 

The  Foundry  Trade  Journal. 

The  Journal  of  Gas  Lighting. 

The  Gas  "World  (and  Year  Book  1905). 


The  Hardware  Trade  Journal. 

Ice  and  Cold  Storage. 

The  Iron  and  Coal  Trades  Review. 

Iron  Trade  Circular,  Ryland's. 

The  Ironmonger. 

Knowledge  and  Illustrated   Scientific 

News. 
Locomotive  Magazine. 
London  Technical  Education  Gazette. 
London  University  Gazette. 
The  Machinery  Market. 
The  Marine  Engineer. 
The  Mariner. 
The  Mechanical  Engineer. 
The  Mechanical  World. 
The  Mining  Journal. 
IModel  Engineer  and  Electrician. 
Motor  Car  Journal. 
Page's  Weekly. 
Phillips'  Monthly  Register. 
The  Plumber  and  Decorator. 
The  Practical  Engineer. 
The  Public  Health  Engineer. 
Public  Works. 
The  Publishers'  Circular. 
The  Quarry. 
The  Railway  Engineer. 
The  Shipping  World. 
The  Steamship. 
Street  Railway  Review. 
The  Surveyor. 
Technics. 

The  Textile  Recorder. 
Traction  and  Transmission. 
The  Tramway  and  Railway  World. 
Transport  and  Railroad  Gazette. 
Vulcan. 
Water. 
The  Woodworker. 
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Delgiutn. 
Kevue  Universelle  des  Mines. 

France. 

Le  Genie  Civil.  Kevue  Indastrielle  (frcm  Mr.  Henry 

L'Industrie.  Chapman). 

Revue  ge'nerale  des  Chemins  de  fer. 

Germany. 

rflaaer's  Annalen.  Zeitschrift    fiir    "Werkzeugmaschinen 

Gliickanf.  und  Werkzeuge. 

Zeitschrift  fiir  das  Berg-HUtten  und 
Salinen-Wesen. 

Holland. 
De  Ingenieur. 

India. 

The  Indian  and  Eastern  Engineer.  Indian     Textile      Journal     (English 

Kailways.  edition). 


Giomale  del  Genio  Civile. 


Italy. 


United  States. 


American  Machinist.  The  Foundry. 

American  JIanufacturer.  The  Iron  Age  (from  Mr.  SV.  H.  Maw)'. 

The  Automobile.  The  Iron  Trade  Eeview. 

Electrical  Review.  Machinery. 

Electrical  World  and  Engineer.  Marine  Engineering. 

Electricity.  Marine  Review. 

The  Engineer.  The  Patternmaker. 

The  Engineering  and  Mining  Journal.       The  Railway  and  Engineering  Review. 

Engineering  News.  Railway  Master  Mechanic. 

The  Engineering  Record. 


L  2 
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ADDITIONS  TO  :\IUSEUM. 

Two  Outran!  Tram  Rails  from  the  Dalkey-Kingstown  Outram-way;  presented 
by  The  Commissioners  of  Kingstown  Harbour. 

Sample  of  Permanent  Way,  Manchester  and  Leeds  E  ail  way  Pattern  (now 
Lancashire  and  Yorkshire  Eailway);  presented  byMr.  W.  B.  Worthington . 

(1)  Derby  and  Birmingham,  Length  of  rail  showing  scarf  joint,  with  one  joint 
and  two  ordinary  chairs ;  (2)  Short  piece  of  Barlow  Eail,  92  lbs.  per  yard ; 
(3)  Short  length  of  Stephenson's  Combination  Rail,  with  one  joint  and  two 
ordinary  chairs  and  fastenings;  (4)  One.Outram  Plate;  (5)  One  Outram 
Points ;  (6)  One  Barlow  wrought-iron  key ;  presented  by  the  late  Mr.  J. 
Allen  McDonald. 

Three  tram  stones  formerly  laid  in  Belgrave  Gate,  Leicester;  presented  by 
Mr.  E.  George  ]Mawbey. 

Model  of  a  two-cylinder  horizontal  Hick  Saw-Mill  Engine,  of  about  1845 ; 
presented  by  ^Ir.  G.  A.  Vigers. 

Model  of  Captain  Rose's  Patent  Voice  Tube;  presented  by  Mr.  Henry 
Chapman. 

Barlow  twisted  chair-spike  from  the  ^Midland  Railway,  put  in  round-top  chair  at 
Rugby,  1850,  and  taken  out  of  use  18th  January  1904;  Cast-iron  Chair, 
dated  1833;  Piece  of  old  rail,  Midland  Counties  Railway  (1839), 
5  inches  x  2J  inches;  North  Slidland,  ordinary  chair  (1840),  width  at  top 
2J  inches;  North  Midland,  joint  chair  (1840),  width  at  top  3h  inches; 
Chair  similar  to  Little  North  Western  Line  chair;  Chair  with  piece  of  rail, 
Midland  Railway  (1874);  Bolt  and  split  key  to  attach  to  Birmingham  and 
Derby  Railway  joint  chair  of  1839;  Barlow  Joint  Chair  (1844-0)  used  at 
the  joints  of  the  Standard  permanent  way  of  the  Midland  Railway,  where 
carried  on  stone  blocks  (through  Mr.  Last  of  South  Kensington  Museum) ; 
Joint  Chair  from  the  "  North  Western  "  or  Skipton  and  Morecambe  line 
(1848-50),  (also  through  Mr.  Last)  ;  Chair  from  Xewton  Junction,  Locke's 
pattern,  of  1837;  Birmingham  and  Derby  Chair  from  Hampton,  George 
Stephenson's  pattern  of  1836 ;  presented  by  3Iessrs.  C.  E.  and  C.  Stretton. 

(1)    Model     of    Conduit    with    Connections,    Blackpool    Electric     Railway; 

(2)  Compound    Parallel    Series    Switch,    Blackpool    Electric    Railway ; 

(3)  ]\Iodel  of  Anti- Vibrator  (see  Plate  77,  Proceedings  1897) ;  presented  by 
Mr,  M.  Holroyd-Smith, 
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The  President,  in  moving  the  adoption  of  tlie  Annual  Eeport, 
said  the  Council  would  be  very  glad  to  hear  it  discussed  in  any 
aspect  which  the  members  might  wish  to  draw  attention  to.  The 
Annual  Meeting  was  an  opportunity  for  the  members  collectively 
and  individually  to  make  known  to  the  Council  any  wishes  they 
might  have  and  any  criticisms  they  might  wish  to  make.  He 
emphasised  that  portion  of  the  Eeport  which  drew  attention  to 
By-law  7,  pointing  out  the  distinctive  titles  designating  the  various 
classes  of  membership  of  the  Institution,  the  essence  of  which  was 
that  instead  of  using  the  simple  letter  M.  as  denoting  "  Mechanical," 
the  abbreviation  "  Mech."  was  used,  in  the  same  Avay  that  the 
Institution  of  Civil  Engineers  used  the  designation  M.  Inst.  C.E. 

Mr.  Edward  P.  Martin,  President-Elect,  formally  seconded  the 
motion  for  the  adoption  of  the  Eeport. 

No  remarks  being  made,  the  Eeport  was  unanimously  adopted. 


The  President  then  presented  the  prizes  to  the  two  Graduates 
who  had  been  successful  in  obtaining  the  award — Mr.  P.  H.  Stevens 
for  his  Paper  on  "  Electric  Passenger  Lifts,"  and  Mr.  G.  C.  Schultz 
for  his  Paper  on  "  A  Method  of  Locomotive  Valve-Setting." 


The  President  announced  that  the  Ballot  Lists  for  the  election 
of  Officers  for  the  present  year  had  been  opened  by  a  Committee  of 
the  Coimcil,  and  that  the  following  were  found  to  be  duly  elected : — 

president. 
Edward  P.  Martin,    .....     Abergavenny. 

vice-presidents. 
Arthur  Keen,    ......     Birmingham. 

Sir  William  T.  Lewis,  Bart.,         .  .  .     Aberdare. 
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George  J.  Churchwakp, 

Heney  Davet,    ..... 

William  Deax,  .  .  .  -  • 

H.  Graham  Harris,     .... 

The  Et.  Hon.  William  J.  Pirrie,  LL.D., 

Sir  Thomas  Eichardsox, 

Mark  H.  Eobinsox,     .... 


Swindon. 

London. 

Folkestone. 

London. 

Belfast. 

Hartlepool. 

Eugby. 


The  Council  for  the  present  year  is  therefore  as  follows 


president. 


Edward  P.  Martin, 


Abergavenny. 


past-presidents. 

Sir  Edward  H.  Carbutt,  Bart.,     .  .  .  London. 

Samuel  Waite  Johnson,       ....  Nottingham. 
Professor  Alexander  B.  W.  Kennedy,  LL.D., 

F.E.S., London. 

William  H.  Maw, London. 

E.  Windsor  Eichabds,  ....  Caerleon. 

Percy  G.  B.  Westmacott,    ....  Ascot. 
Sir  William  H.  White,  K.C.B.,  LL.D.,  D.Sc, 

F.E.S., London. 

J.  Hartley  Wicksteed,        .  .  .  •  Leeds. 


vice-presidents. 

John  A.  F.  Aspinall,  .... 

Edward  B.  Ellington, 

Arthur  Keen,    .  .  .  •  ■ 

Sir  William  T.  Lewis,  Bart., 

T.  Hurry  Eiches,       .... 

A.  Tannett- Walker,  .... 


Manchester. 

London. 

Birmingham. 

Aberdare. 

Cardiff. 

Leeds. 
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MEMBERS    OF    COUNOIL. 

Sir  Benjamin  Baker,  K.C.B.,  K.C.M.G.,  LL.D., 

D.Sc,  F.E.S., 

Sir  J.  Wolfe  Barry,  K.C.B.,  LL.D.,  F.K.S..   . 

Henry  Chapman, 

George  J.  Churchv/ard, 

Henry  Davey,    ... 

William  Dean,  . 

H.  Graham  Harris,     . 

Edward  Hopkinson,  D.Sc,   . 

Henry  A.  Ivatt, 

Henry  Lea, 

Michael  Lonqridge,    . 

James  Mansergh,  F.E.S., 

Henry  D.  Marshall,  . 

The  Et.  Hon.  William  J.  Pirrie,  LL.D 

Sir  Thomas  Eichardson, 

John  F.  Eobinson, 

Mark  H.  Eobinson,     . 

John  W.  Spencer, 

Sir  John  L  Thorn ycroft,  LL.D.,  F.E.S 

John  Tweedy,    . 

Henry  H.  West, 


London. 

London. 

London. 

Swindon. 

London. 

Folkestone. 

London. 

Manchester. 

Doncaster. 

Birmingliam. 

Manchester. 

London. 

Gainsborough. 

Belfast. 

Hartlepool. 

London. 

Eugby. 

Newcastle-on-Tyne. 

London. 

Newcastle-on-Tyne. 

Liverpool. 


The  President  said  it  was  now  his  duty  to  vacate  the  Chair,  and 
in  doing  so  he  derived  the  greatest  pleasure  in  giving  place  to  Mr. 
Martin.  Mr.  Martin  was  a  man  who  had  been  "  salted  " ;  he  had 
already  been  President  of  the  Iron  and  Steel  Institute.  He  was  also 
a  man  of  large  experience  and  much  travel,  and  one  who  knew  pretty 
nearly  all  the  quarters  of  the  globe  where  mechanical  engineering 
was  much  practised.  As  a  matter  of  fact,  Mr.  Martin  had  been  "  in 
pickle "  by  the  Council  for  that  position  for  several  years.  Up  to 
the  present  time  his  energies  had  been  entirely  absorbed  in  enormous 
responsibility  in  connection  with  mechanical  engineering  and  iron 
and  steel  making ;  but  now  that  his  obligations  in  industrial  affairs 
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had  become  somewhat  easier,  he  was  able  to  devote  some  of  his 
boundless  energies  to  the  good  work  of  conducting  the  prosperity  of 
the  Institution.  He  felt  he  could  not  vacate  the  Chair  with  greater 
pleasure  in  favour  of  any  one  than  he  did  in  favour  of  Mr.  Martin. 

Mr.  WiCKSTEED  then  vacated  the  Chair,  which  was  taken,  amid 
hearty  cheers,  by  the  new  President,  Mr.  Edward  P.  Martin. 

The  President  (Mr.  Martin)  thanked  the  members  for  the  great 
honour  they  had  done  him  in  electing  him  President  of  the  Institution 
of  Mechanical  Engineers,  and  trusted  that,  with  their  assistance  and 
that  of  the  Council,  when  his  term  of  office  ended  he  would  have 
done  no  harm  to  the  Institution. 

Dr.  Alex.  B.  W.  Kexxedt,  Past-President,  said  that,  while 
congratulating  themselves  on  the  new  President  and  the  now 
President  on  his  election,  it  was  at  the  same  time  a  pleasurable 
duty  to  move  a  resolution  familiar  to  the  members  attending  the 
Annual  Meeting  :  "  That  the  best  thanks  of  the  Meeting  be  accorded 
to  Mr.  J.  Hartley  Wicksteed  for  the  manner  in  which  he  has  filled 
the  office  of  President  during  the  last  two  years."  That  motion 
certainly  did  not  require  any  speech.  The  members  themselves  had 
seen  Mr.  Wicksteed's  work  during  the  time  and  they  knew  what  it 
had  been.  He  had  been  looking  at  tho  chart  on  the  wall,  and  turning 
back  to  tho  years  1894-95,*  when  he  himself  had  the  honour  of  being 
President,  he  regretted  to  see  that,  although  ho  thought  they  worked 
hard  in  those  days,  it  was  only  at  a  much  later  date  that  the 
Institution  began  the  great  rise  which  was  shown  in  the  diagram. 
He  had  found  the  duties  of  President  for  two  years  somewhat 
laborious,  but  Mr.  Wicksteed  must  have  found  them,  with  the 
enormously  increased  membershi'p  and  with  the  new  House  to  Icok 
after,  very  much  heavier.  In  addition  to  carrying  out  the  duties  of 
President  of  the  Institution  at  home,  Mr.  Wicksteed  had,  as  was 
well  known,  the  additional  duty  of  representing,  with  other  members, 
the  Institution  in  America  last  summer.     If  tho  members  were  all 

*  Proceedings  1903,  page  118. 
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as  popular  here  as  lie  understood  Mr.  Wicksteed  was  in  America, 
they  might  congratulate  themselves  greatly.     In  Mr.  Wicksteed  the 
Institution  had  returned  to  something  like  the  typical  mechanical 
engineer  of  the  days  when  the  Institution  was  founded.     Looking 
at  the  last  few  Presidents,  first  came  Mr.  Maw,  an  encyclopedia  who 
knew  everything!     Sir  William  White  was  most   distinguished   in 
naval  architecture  ;   Mr.  Johnson  was   a  locomotive  engineer ;   Mr. 
Windsor  Richards  was  specially  connected  with  metallurgy  and  ii-ou 
manufacture ;    then  came  himself  (Dr.  Kennedy),  a   mere   Jack-of- 
all-trades ;   but  Mr.  Wicksteed  was  a  genuine  mechanical  engineer 
in  the  old  meaning  of  the  phrase,  and  of  the  kind  that  was  known  in 
days  when  mechanical  engineering  work  first  began.     He  was  very 
glad  that  the  Institution  had  again  had  the  privilege  of  having  a 
President  of  this  type,  as  well  as  one  who  had  devoted  himself  so 
thoroughly  and  heartily  and  with  such  very  great  success  to  the  work 
which  he  had  had  to  carry  out,  and  he  had  great  pleasure  in  moving 
the  resolution  which  he  had  already  read  to  the  meeting. 

Mr.  William  H.  Maw,  Past-President,  in  seconding  most  heartily 
the  resolution  proposed  by  Dr.  Kennedy,  wished  to  emphasise 
everything  Dr.  Kennedy  had  said  as  to  the  admirable  manner  in 
which  Mr.  Wicksteed  had  performed  his  duties  during  the  past  two 
years.  He  (Mr.  Maw)  happened  to  have  a  great  many  friends  amongst 
the  leading  engineers  in  America,  and  he  had  heard  a  great  deal  from 
them  as  to  what  went  on  when  the  members  visited  the  States  last 
year,  and  he  had  heard  but  one  opinion  expressed,  and  that  was,  that 
nothing  could  be  more  admirable  than  the  manner  in  which  the  prestige 
of  the  Institution  was  maintained  in  America  by  Mr.  Wicksteed. 
At  the  summer  meetings  in  this  country  the  President  was  usually 
supported  by  several  Vice-Presidents  and  Members  of  Council ;  but  it 
happened  last  year  that  only  one  Member  of  Council  was  able  to 
accompany  him  to  America,  and  therefore  the  work  that  fell  upon  the 
Past-President  was  much  greater  than  it  would  have  been  under 
ordinary  circumstances.  But  the  task  was  well  within  Mr.  Wicksteed's 
capabilities,  and  the  whole  meeting  was  a  most  thorough  success, 
largely   due   to   Mr.   Wicksteed  himself.      In   addition   to  having 
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secured  ample  recognition  in  America  of  the  standing  of  the 
Institution,  Mr.  Wicksteed  had  also  secured  some  very  sincere 
personal  friendships — friendships  which  he  certainly  would  value, 
and  which  it  was  to  be  hoped  he  would  long  live  to  enjoy. 

The  Pkesidkxt  congratulated  himself  on  his  first  duty  being 
such  an  agreeable  one — to  put  the  resolution  from  the  Chair.  Mr. 
Wicksteed  had  taken  the  Institution  safely  to  the  United  States 
and  Canada,  and  in  doing  so  had  proved  himself  as  good  a  pilot  as 
ho  had  proved  himself  a  President.  It  was  hardly  necessary  to 
point  out  the  marked  ability  with  which  he  had  conducted  the 
discussions  on  the  various  Papers  presented  to  the  Institution,  and 
that  ability  would  put  his  successor  in  a  very  awkward  position  in 
endeavouring  to  follow  him. 

The  resolution  was  carried  with  acclamation. 

Mr.  Wicksteed  thanked  the  members  very  heartily  for  their 
expression  of  good-will  and  appreciation  of  his  work  during  his  time 
of  ofi&ce  and  the  manner  in  which  ho  had  fulfilled  his  duties,  and 
also  thanked  the  speakers  for  their  kind  remarks.  He  was  very 
pleased  to  hear  what  Mr.  Maw  had  said  of  the  intelligence  he  had  had 
from  America.  He  knew  that  he  had  formed  very  cordial  feelings 
towards  the  President  of  the  American  Society  of  Mechanical  Engineers 
and  many  others  Mhom  he  met,  but  he  was  not  aware  that  he  was 
credited  with  having  been  a  good  representative  of  the  Institution. 
Mr.  Martin  had  touched  upon  a  matter  on  which  he  had  prided 
himself  more  than  anything  else,  namely,  the  character  of  the 
meetings  and  the  discussions  that  had  taken  place  during  his  years 
of  office.  He  had  often  seen  the  Hall  so  full  as  to  make  him  think 
that  in  a  short  time  it  would  be  too  small  for  the  Institution. 
During  his  Presidency  the  interest  in  the  Papers  and  in  the 
discussions  had  never  flagged,  and  he  did  not  remember  any  meeting 
that  had  not  been  well  attended,  or  any  Paper  that  had  been  presented 
that  had  not  received  an  adequate  and  spontaneous  discussion. 
Indeed,  there  was  usually  a  good  deal  left  over  to  be  contributed  to 
the  Proceedings  in  writing.      His  feelings  upon   being   invited   to 
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undertake  tlie  responsibilities  of  the  office  were  prompted  by  a  sense  of 
duty,  and  be  expected  to  find  it  a  strain.  It  would  be  an  encouragement 
to  bis  successor  wben  be  said  tbat  be  bad  not  found  it  to  be  in  tbe 
sligbtest  degree  a  strain ;  it  bad  been  almost  a  relaxation.  To  come 
up  to  tbe  Council  Meetings  and  to  take  part  in  tbe  General  Meetings 
bad  always  been  a  refresbment.  Tbe  reason  of  course  was  wbat  no 
one  else  could  know,  namely,  tbe  strengthening,  backing  up,  and 
relief  from  arduous  work  which  the  President  received  from  tbe 
Council.  The  harmony  enjoyed  on  the  Council  and  with  tbe 
members  at  the  general  meetings  was  so  complete  that  every  meeting 
bad  been  an  unalloyed  pleasure.  Now,  on  the  completion  of  bis 
term,  be  had  made  room  for  the  new  President  by  retiring  to  wbat  was 
really  in  tbe  constitution  of  tbe  Institution  tbe  "  House  of  Lords." 
During  bis  somewhat  long  career  in  connection  with  tbe  Institution 
be  bad  been  subjected  to  at  least  six  contested  elections,  and  it  was 
by  his  survival  and  longevity  tbat  be  had  reached  the  position  of 
President. 

With  regard  to  the  Past-Presidents,  although  some  of  them  were 
not  seen  so  much  as  bis  predecessor,  Mr.  Maw  and  others,  yet  they 
were  all  of  great  assistance  in  many  ways  ;  they  placed  their  abilities 
at  tbe  disposal  of  tbe  Institution  and  worked  for  its  interests.  The 
work  that  was  done  by  Members  of  Council,  especially  those  Members 
of  Coimcil  who  lived  in  London — work  on  the  Finance  Committee, 
on  the  House  Committee,  on  the  General  Purposes  Committee,  as 
well  as  on  tbe  Council — was  very  great.  It  was  impossible  for  the 
members  to  know  who  did  tbe  work.  Some  of  it  was  done  by  those 
who  were  not  able  to  attend  tbe  evening  meetings  very  frequently. 

In  conclusion,  be  wished  most  sincerely  to  express  bis  thanks 
not  only  to  the  members  for  always  keeping  him  in  heart  by  their 
attendance  and  by  the  interest  shown  in  the  proceedings  of  tbe 
Institution,  but  to  tbe  Council  of  the  Institution  for  the  kindness 
and  efficiency  of  tbe  support  they  bad  given  him  on  all  occasions. 


140  BUSINESS.  Feb.  1905. 

The  President  reminded  the  members  that  at  the  present 
meeting  the  appointment  had  to  be  made  of  an  auditor  for  the 
current  year. 

Mr.  Daniel  Adamson  moved :  "  That  Mr.  Eobert  A.  McLean, 
F.C.A.,  1  Queen  Victoria  Street,  London,  be  re-appointed  to  audit 
the  accounts  of  the  Institution  for  the  present  year,  at  the  same 
remuneration  as  last  year,  namely,  twenty-five  guineas." 

Mr.  E.  GoDFKEY  Bkewer  seconded  the  motion,  which  was  carried 
unanimously. 


The  Discussion  on  the  four  Papers  on  the  American  Visit  was 
resumed  and  concluded. 


The  Meeting  terminated   at   a   Quarter  to   Ten  [o'clock.     The 
attendance  was  132  Members  and  54  Visitors. 
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SOME  PHENOMENA  OP  PERMANENT  DEFORMATION 
IN  METALS. 


Bt  Me.  G.  H.  GULLIVER,  Associate  Member,  op  Edinbukgh  Uxiveksity. 


In  making  an  ordinary  tension  test  of  a  bar  of  metal,  as  soon  as 
the  yield-point  is  reached,  the  deformation  becomes  visible  to  the 
naked  eye  as  the  well-known  "Liider's  lines."  These  lines  have 
been  very  thoroughly  investigated  by  Hartmann.* 

In  the  experiments  to  be  described  flat  steel  bars  were  used,  of  a 
uniform  thickness  of  Jr  inch,  but  of  various  widths  from  J  inch  to 
4  inches.  All  the  bars  had  a  smooth  coating  of  mill  scale.  The 
steel  employed,  known  as  mild  steel  hoop,  had  an  average  yield- 
point  at  18  to  20  tons  per  square  inch,  and  a  breaking  load  of  28  to 
32  tons  per  square  inch,  with  an  elongation  of  20  to  30  per  cent,  in 
8  inches.  The  chemical  composition  varied  somewhat  with  different 
bars,  but  an  average  analysis  may  be  taken  as :  carbon,  0  *  20  per 
cent. ;  manganese,  0  •  25  per  cent. ;  silicon,  0  •  03  per  cent. 

On  testing  such  bars  in  tension,  as  soon  as  the  yield-point  is 
reached,  the  scale,  being  comparatively  inextensible,  begins  to  flake 
off  in  the  places  beneath  which  marked  slipping  is  taking  place  in 
the  metal.  Thus  these  places  show  up  as  light  lines  against  the 
dark  background  of  oxide,  and  very  clearly  exhibit  the  progress  of 
the  deformation  in  the  bar.  Deformation  generally  occurs  at  a 
number  of  independent  planes,  and  gradually  creeps  from  bo^  sides 

*  Hartmann,  "  Distribution  des  deformations  dans  les  metaus  soiimis  a  des 
efforts."     Paris,  Berger-Levrault  et  Cie.,  1896. 
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of  each  plane.  Fine  lines  shoot  sharply  across  the  faces  of  the  bar, 
often,  though  not  always,  beginning  at  the  gripped  ends.  These 
lines  increase  in  breadth,  but  not  usually  beyond  a  certain  amount. 
Other  lines,  often  at  right  angles  to  the  length  of  the  bar,  form 
between  the  first  ones,  and  finally  the  whole  of  the  scale  drops  off, 
though  the  load  may  have  been  stationary.  Sometimes  much  of  the 
scale  remains  adherent  until  the  test  is  far  advanced.  Figs.  1  and  2, 
Plate  3,  are  from  photographs  of  flat  tension  bars  and  show  the 
appearance  of  these  lines.  Sometimes,  though  more  rarely,  the 
deformation  is  propagated  as  a  "  strain  wave "  gradually  creeping 
along  the  whole  length  of  the  bar,  and  no  separate  lines  are 
distinguished.  This  effect  is  shown  by  Figs.  3  and  4,  which  are 
from  photographs  of  specimens  tested  in  compression  ;  some 
independent  lines  have  also  appeared. 

In  the  former  case  the  lines,  and  in  the  latter  the  wave  front, 
make  a  constant  angle  with  the  axis  of  the  bar.  If  there  were  no 
friction  this  angle  would  be  45'',  being  the  inclination  of  the  planes 
of  maximum  shear  ;  but  owing  to  friction  the  angle  of  inclination  to 
the  axis  is  increased  in  the  bars  used  to  about  50°.  The  lines  are, 
of  course,  traces  of  the  planes  of  slipping  on  the  faces  of  the  bar,  and 
are  often  visible  continuously  round  all  the  faces,  Fig.  5 ;  in 
cylindrical  bars  they  become  helices.  Fig.  6.  Sometimes  on  one  face 
of  a  bar  lines  appear  which  are  perpendicular  to  the  axis,  but  these 
are  generally  found  to  have  the  ordinary  inclination  on  the  two 
adjacent  faces.  Curvature  of  the  lines,  and  irregularities  in  their 
inclination  not  infrequently  occur,  but  are  probably  due  to  an 
imperfectly  axial  loading,  to  the  proximity  of  the  grips,  or  to  a  lack 
of  homogeneity  in  the  material.  It  is  not  usually  possible  to 
measure  the  inclination  nearer  than  about  one  degree.  The  constant 
angle  between  the  lines  and  the  axis  of  the  bar  will  be  called  a  in 
the  case  of  tension,  and  ^  for  compression.  It  has  been  shown  by 
Hartmann  that  for  the  same  metal,  a  +  /5  =  90^. 

On  continuing  the  test,  a  point  of  maximum  load  is  reached  at 
which  "a  marked  local  constriction  begins  to  occur.  "When  this 
constriction  becomes  well  developed,  and  the  metal  is  not  far  from 
the   breaking   point,   two   straight   depressions,   XX,   X'X',  Fig.  7, 
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often  appear  on  the  wide  faces  of  the  flat  bar.  This  phenomenon  is 
known  as  the  "  contractile  cross,"  and  is  illustrated  by  Figs.  8  and  9, 
Plate  4.  Sometimes  only  one  of  the  depressions  is  markedly 
developed,  Figs.  10,  11,  and  12,  while  at  other  times  there  may  be 

Fig.  7. 

Diagram  to  illustrate  the  difference  heticeen  the  primanj  lines  of  deformation 
and  the  contractile  cross. 

The  clotted  lines  AA,  A'A'  indicate  the  former,  while  the  thick  lines  XX,  X'X' 
represent  the  cross.  The  horizontal  angle  XOX'  is  seen  to  be  equal  to  the  angle 
between  the  lines  AA.  A'A',  and  the  axis. 


three  or  more.  The  bar  freijuently,  though  not  invariably,  breaks 
along  one  or  more  of  the  depressions.  Figs.  13  and  14  (page  144), 
and  15,  Plate  5.  It  is  noticeable  that  these  marks  are  not  inclined 
to  the  axis  of  the  bar  at  the  angle  a  =  50^,  but  at  an  angle  which 
will  be  called  y,  and  is  about  65°. 
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An  interesting  peculiarity,  wliicli  may  not  apply  to  all  metals, 
is  that  tlie  branclies  of  the  contractile  cross  being  at  65°  to  the  axis, 
the  horizontal  angles  XOX',  Fig.  7  (page  143),  are  each  50',  i.e.  equal 
to  a  for  the  metal  considered.  Hence  a  tensile  stress  along  one  branch 
of  the  cross  would  cause  the  other  branch  to  become  a  plane  of  slipping 
as  at  the  yield-point.  The  author  must  confess  that  he  has  been 
unable  to  persuade  himself  that  such  a  tension  does  exist,  though 

Figs.  13  and  14. 

Flat  Steel  Bars,  3"  x  |"  hrohen  hy  Tension. 
These  diagrams  are  tracings  taken  from  the  bars  after  fracture. 

The  two  sloping  lines  in  each  show  the  edges  of  the  contractile  depression.  The 
thick  irregular  line  represents  the  fractiire,  which  gapes  considerably  in  the  middle. 


there    generally   seems   to   be   a   greater    tendency   for    one    than 
for  the  other  branch  of  the  cross  to  develop,  especially  as  the  ratio 

width  of  bar     .g  increased, 
thickness  of  bar 

A  more  remarkable  circumstance  is  that  which  led  to  this 
investigation.  Fracture  usually  occurs,  in  a  ductile  metal,  at  an 
inclination  to  the  axis  equal  to  the  angle  a.  Thus  the  fracture  of  a 
prismatic  bar  is  generally  pyramidal,  Fig.  16,  Plate  5,  whilst  that  of 
a  cylindrical  bar  is  helicoidal.  Fig.  17,  or  conical,  Fig.  18,  according 
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as  the  metal  shears  along  one  of  the  helices  of  deformation,  cr 
■along  a  cone  tangential  to  a  system  of  these  helices,  and  whose 
semi-vertical  angle  is  a.  The  minutely  irregular  surface  of  the 
fracture  is  composed  of  small  elements,  the  surfaces  of  which  are  also 
inclined  at  the  same  angle  a.     Now  it  has  been  stated  before  that 

fracture  in  a  flat  bar,  especially  when  the  ratio    J^^^   \   is  large, 

frequently  takes  place  across  the  wide  faces  along  the  depressions 
forming  the  contractile  cross,  i.e.  at  the  angle  y  to  the  axis.  This  in 
itself  is  not  remarkable,  as  the  area  at  the  bottom  of  the  depression 
may  be  considerably  less  than  that  in  the  adjoining  parts  of  the  bar. 
But  if  we  turn  the  bar  through  a  right  angle,  and  view  it  from  the 
Jiarrow  face,  we  find  the  angle  of  fracture  equal  not  to  y  but  to  a. 
This  is  shown  by  Fig.  19.  It  is  suggested  tentatively  that  the  angle 
a  is  due  to  slipping  of  the  elementary  crystals  within  the  crystalline 
grains  of  the  metal,  and  the  angle  y  to  slipping  of  the  grains 
themselves  over  each  other. 

Another  reason  for  supposing  that  the  process  of  slipping  during 
a  complete  test  varies  in  character  is  as  follows : — The  slip  lines 
observed  at  the  yield-point  may  frequently  be  seen  after  fracture  if 
the  surface  of  the  bar  is  gently  rubbed  with  fine  emery  paper.  They 
are  then  found  to  be  raised  in  relief,  being  brightly  polished  by  the 
emery  paper  whilst  the  surrounding  surface  is  left  comparatively 
dull.  If  the  inclination  of  these  lines  to  the  axis  be  measured  at  the 
end  of  the  test,  it  is  found  to  be  not  50^  but  about  45^  The  reason 
for  this  is  that,  after  the  slip  lines  are  formed  at  the  yield-point,  they 
behave  as  though  they  were  lines  drawn  on  the  surface  of  the  bar. 
Since  the  bar  increases  in  length  and  decreases  in  width,  a  sloping 
line  drawn  on  the  surface  will  alter  its  slope,  and  take  a  more  nearly 
longitudinal  direction.  That  this  is  the  correct  explanation  was 
shown  by  scribing  a  series  of  lines  on  the  polished  surface  of  a  bar 
at  an  angle  of  50^  to  the  axis.  At  the  yield-point  the  usual  slip 
bands  appeared,  and  were  seen  to  be,  as  nearly  as  possible,  parallel 
to  the  scribed  lines.  During  the  remainder  of  the  test  this 
parallelism  was  preserved.  On  afterwards  measuring  the  angle 
made  by  both  lines  and  bands  with  the  axis,  this  was  found  to  have 
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clianged  from  50'  to  about  45^.  The  angle  calculated  from  the 
elongation,  whicli  averaged  10  per  cent,  in  parts  remote  from  the 
constriction,  is  approximately  44i  ,  the  area  of  surface  of  the  bar 
being  assumed  to  remain  constant.  The  angle  a  should  thus  always 
be  measured  at  the  yield-point  when  the  slip  lines  are  actually 
formed.  In  the  constricted  region  of  the  bar  the  lines  become 
curved,  and  are  steeper.  This  experiment  shows  very  strikingly 
that  the  increase  of  resistance  along  a  plane  of  slipping  is  very  soon 
sufficient  to  prevent  further  motion,  thus  giving  rise  to  the  well- 
known  strain-hardening  effects.  The  slip  bands  at  the  end  of  the 
test  have  a  curious  flame-like  appearance.  They  are  frequently 
tapered  in  width,  and  are  generally  divided  by  a  narrow  central 
line,  which,  from  its  comparatively  dull  appearance,  must  be  below 
the  surface  of  the  broad  flame-like  band,  Fig.  15,  Plate  5.  This  line 
probably  represents  the  original  plane  of  slipping. 

A  result  of  the  contractile  cross  phenomenon  is  the  known  fact 
that  fracture  usually  begins  at  the  middle  of  a  bar.  If  both  branches 
of  the  cross  are  well  marked  the  depression  is  greatest,  i.e.,  the 
metal  is  thinnest,  in  the  region  of  their  intersection,  and  fracture 
consequently  commences  there.  Partial  fractures  of  this  kind  are 
shown  in  Figs.  8  and  9,  Plate  4,  and  20  and  21,  Plate  5.  In  Figs. 
9  and  21  the  region  of  intersection  is  considerably  removed  from  the 
middle  of  the  bar.  When  only  one  branch  develops  it  has  not  been 
found  possible  to  stop  the  fracture  before  it  is  complete,  but  on 
afterwards  placing  the  two  halves  of  the  bar  together  they  gape  a 
small  amount,  showing  that  in  this  case  also  rupture  began  in  the 
middle,  and  that  the  second  branch  of  the  cross  was  probably  present 
to  a  slight  extent.  Figs.  13  and  14  (page  144). 

A  large  number   of  experiments  show  that   both  a  and  y  are 
independent  of  the  length  of  the  bar  (unless  this  is  so  short  that 

the  influence  of  the  grips  is  very  great),  of  the  ratio  4]^]^]^^^  (between 
the  limits  of  4  and  32),  and  of  the  rapidity  of  loading  (between  the 
limits  of  3  per  cent,  per  minute  and  100  per  cent,  in  5  seconds). 
Annealing  generally  allows  the  cross  to  develop  further  before 
fracture  takes  place,  thus  giving  deeper  depressions.     Some  very 
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good  specimens  liave  been  obtained  by  alternate  stretcbings  and 
annealings,  Fig.  11,  Plate  4.  The  effect  of  qiiencbing  is  peculiar, 
and  has  not  yet  been  thoroughly  investigated. 

Hitherto  the  lines  occurring  at  the  yield-point  have  been 
confused  with  the  depressions  forming  the  contractile  cross,  and  it 
has  been  definitely  stated  by  Hartmann  that  the  grooves  are  due  to 
a  number  of  the  lines  occurring  very  closely  together.  That  the 
two  phenomena  are  distinct  is  shown  : — 

(1)  By  the  large  difference  in  the  angles  of  inclination,  a  being 
equal  to  50°,  and  y  to  65^  as  indicated  in  Fig.  7  (page  143) ; 

(2)  By  the  corresponding  difference  between  the  angles  of 
fracture  on  the  broad  and  on  the  narrow  faces  of  a  flat  bar,  shown 
in  Fig.  19,  Plate  5  ; 

(3)  By  the  appearance  after  fracture  of  the  first  or  a  lines 
inclined  at  a  large  angle  to  the  fracture  which  has  occurred  along 
the  contractile  depression,  as  shown  by  Fig.  15,  Plate  5  ; 

(4)  By  the  results  of  some  experiments  not  yet  mentioned.  Bars 
were  loaded  until  the  contractile  cross  appeared.  They  were  then 
removed  from  the  machine  and  annealed,  thus  obtaining  a  fresh 
coating  of  oxide.  On  reloading,  at  the  yield-point  the  usual  lines 
occurred  at  the  angle  a  =  50',  these  lines  distinctly  lying  across  the 
contractile  depression,  and  not  along  it,  though  sloping  in  the 
corresponding  direction ; 

(5)  By  the  non-appearance  of  the  contractile  cross  as  distinct 
grooves  in  cylindrical  bars,  and  in  rectangular  bars  in  which  the 
breadth  and  thickness  are  nearly  or  quite  equal.  The  a  lines  are  as 
distinct  on  these  bars  as  on  the  previous  ones. 

In  some  further  experiments  it  has  been  found  possible  to  obtain 
the  two  phenomena  together,  but  still  quite  distinct. 

The  subject  is  being  pursued  further,  using  different  metals,  and 
w  ith  the  additional  aid  of  the  microscope. 

The  Paper  is  illustrated  by  Plates  3  to  5  and  3  Figs,  in  the 
letterpress. 
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MEMOIRS. 

Egbert  John  Billintox  was  born  at  Wakefield  on  5th  April 
1845.  He  served  part  of  liis  apprenticeship  with  Sir  W.  Fairbairn 
and  Sons,  of  Manchester,  from  1859  to  1863,  and  the  remainder 
■with  Messrs.  Simpson  and  Co.,  of  Pimlico,  and  Mr.  S.  "Witham, 
Calderdale  Iron  Works,  Wakefield,  np  to  1865;  after  which  he 
went  to  Mr.  Eoland  Child,  mining  and  civil  engineer,  of  Wakefield, 
with  whom  he  remained  till  June  1866.  He  then  became 
assistant  manager  to  Messrs.  Walker  and  Eaton,  of  Sheffield, 
and  was  there  engaged  in  designing  and  erecting  locomotives 
and  general  machinery.  In  1870  he  was  appointed  assistant  to 
the  late  Mr.  W.  Stroudley,  Avho  was  then  locomotive  superintendent 
of  the  London  Brighton  and  South  Coast  Railway,  under  whom 
he  took  charge  of  the  design  and  construction  of  locomotives  and 
rolling  stock  for  that  line.  In  1874  he  obtained  an  appointment 
as  assistant  to  Mr.  S.  W.  Johnson,  locomotive  superintendent  of 
the  Midland  Railway  at  Derby.  This  post  he  occupied  until 
1890,  when,  on  the  death  of  Mr.  Stroudley,  he  was  appointed 
locomotive,  carriage,  and  marine  superintendent  of  the  London 
Brighton  and  South  Coast  Railway.  During  his  term  of  office  he 
introduced  the  powerful  bogie  express  engines  and  also  the  bogie 
carriages  running  on  that  line.  His  death  took  place  at  his 
residence  in  Brighton,  on  7th  November  1904,  in  his  sixtieth 
year.  He  became  a  Member  of  this  Institution  in  1888  ;  he  was 
also  a  Member  of  the  Institution  of  Civil  Engineers,  the  Iron  and 
Steel  Institute,  and  the  Institution  of  Naval  Architects. 

Wallis  Riveks  Goulty  was  born  at  Brighton  on  27th  June  1834, 
and  was  educated  at  Denmark  Hill  Grammar  School,  London. 
At  the  age  of  fourteen  he  commenced  an  apprenticeship  of  five 
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years  at  the  Brigliton  Locomotive  Works  of  the  London  Brighton 
and  South  Coast  Eailway,  passing  through  the  workshops  and 
drawing  office.  At  its  termination  he  was  engaged  as  draughtsman 
and  ironworks  manager  at  Palmer's  Shipbuikling  Works,  of 
Jarrow  and  Wallsend-on-TjTie,  remaining  over  four  years  with 
them.  He  next  was  appointed  head  draughtsman  and  assistant 
manager  to  Messrs.  Peto,  Brassej  and  Betts,  of  Birkenhead  and 
London,  with  which  firm  he  stayed  until  1863,  when  he  accepted 
the  position  of  manager  of  the  Millfield  Engine  Works,  Sunderland. 
In  1865  he  became  manager  of  the  Beading  Iron  Works,  Beading, 
remaining  in  that  position  until  1869,  when  he  was  offered  the 
post  of  assistant  manager  of  the  Fairbairn  Engineering  Co., 
Manchester.  After  being  a  year  with  that  firm  he  decided  to 
commence  business  in  Manchester  on  his  own  account  as  a 
consulting  engineer,  and  in  1875  he  went  into  partnership  with 
Mr.  H.  Sherley-Price,  and  carried  on  business  with  him  as 
consulting  engineers,  valuers,  and  auctioneers  of  machinery, 
under  the  style  of  Wheatley  Kirk,  Price,  and  Goulty,  with  offices 
in  Manchester  and  London.  In  1899  he  retired  from  business, 
and  went  to  reside  at  Walberswick,  near  Southwold,  Suffolk, 
where  his  death  took  place  suddenly  from  heart  failure  on  31st 
December  1904,  at  the  age  of  seventy. 

Sydney  Ainslie  Hollis  was  born  at  Brighton  on  18th  July 
1873.  He  was  educated  at  private  schools,  at  Brighton  College, 
and  the  Crystal  Palace  School  of  Engineering.  Subsequently 
he  spent  one  year  at  University  College,  London.  In  1893 
he  served  a  pupilage  of  three  years  in  the  workshops  of 
Messrs.  Yarrow  and  Co.,  Poplar,  fitting  and  erecting  engines  for 
torpedo  boats  and  destroyers,  and  in  1897  ^v&s  appointed  assistant 
engineer  to  Mr.  T.  Stewart,  with  whom  he  was  engaged  on 
surveying  and  setting  out  waterworks'  schemes  for  Bloemfontein, 
and  for  Table  Mountain.  In  1898  he  became  assistant  resident 
engineer  on  the  construction  of  the  masonry  dam  for  Table 
Mountain,  and  was  subsequently  employed  in  setting  out, 
measuring  up,  etc.,  other  schemes.     He  returned  to  England  in 
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1900,  and  became  chief  assistant  to  Messrs.  Bailey -Denton,  Son 
and  Lawford,  of  Westminster,  "being  engaged  on  various  water 
and  sewerage  schemes.  In  1902  he  obtained  the  appointment  of 
chief  engineering  assistant  to  the  Bloemfontein  Town  Council, 
being  principally  engaged  on  the  irrigation  works  of  that  town. 
His  death  took  place  at  Bloemfontein,  after  an  operation,  on  4th 
February  1905,  in  his  thirty-second  year.  He  became  an  Associate 
Member  of  this  Institution  in  1903. 

Charles  Horsley  was  born  on  30th  May  1829  at  Pye  Bridge, 
Derbyshire,  and  was  educated  at  Derby  Grammar  School.  Ui^on 
leaving  there  he  went  as  a  pupil  to  Messrs,  Graham  and  Co.,  Milton 
Iron  Works,  and  thence  to  Messrs.  Sylvestres.  Shortly  after 
this  he  assisted  in  the  erection  of  the  tubular  bridge  over  the  Menai 
Straits.  He  then  joined  Mr.  Alfred  Penny,  whom  he  ultimately 
succeeded,  as  London  agent  and  consulting  engineer  to  Messrs. 
James  Oakes  and  Co.  of  Alfreton,  Derbyshire,  which  position  he  held 
•until  the  day  of  his  death.  He  invented  a  gas  exhauster  and  also 
a  syphon  which  have  been  extensively  used  in  the  gas  world.  He 
was  one  of  the  members  of  the  Joint  Committee  of  the  Staines 
Eeservoirs  Works  from  1898  to  1903.  For  many  years  he  was  an 
active  member  of  the  Magisterial  Bench  for  Middlesex,  and  in 
1887  was  one  of  the  sixty  chosen  to  carry  on  the  work  during  the 
time  the  Cities  of  London  and  Westminster  were  being  amalgamated 
under  the  title  of  County  of  London.  He,  in  conjunction  with 
Mr.  Torrance,  was  returned  unopposed  as  one  of  the  representatives 
of  East  Islington  for  the  first  London  Council ;  he  was  chairman 
of  several  and  director  of  many  gas  and  water  companies.  His 
death  took  place  at  his  residence  in  Highbury,  London,  on 
4th  January  1905,  in  his  seventy-sixth  year.  He  became  a 
Member  of  this  Institution  in  1873;  he  was  also  a  Member  of 
the  Institution  of  Civil  Engineers,  and  President  of  the  Society 
of  Engineers  in  1881. 

William    George    Laws    was    born    at    the    Manor    House, 
Tynemouth,  on  18th  April  1836,  and  was  the  eldest  son  of  the 
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late  Cutlibert  Umfreville  Laws,  of  Prudhoe  Castle,  Xorthumbeiland, 
He  was  educated  at  Durham  University.  In  1853  he  was  articled 
to  Mr.  James  Burnett  of  the  engineering  firm  of  Messrs.  Thompson 
and  Boyd  of  Newcastle-upon-Tyne,  and  serred  a  four  years' 
pupilage  with  him,  afterwards  remaining  in  his  office  till  August 
1857.  On  leaving  Messrs.  Thompson  and  Boyd's,  he  entered  the 
office  of  Mr.  John  F.  Tone,  first  as  a  pupil  and  afterwards  a& 
assistant,  and  was  engaged  on  the  surveys  and  Parliamentary 
Work  for  the  Border  Union  Railway,  Border  Counties  Raihva}- 
and  North  British  Piailwaj^  (Wansbeck  Section).  In  June  1860 
he  was  appointed  Eesident  Engineer  on  the  Wansbeck  Railway, 
on  which  he  was  engaged  for  five  years,  designing  and  carrying- 
out  all  the  works  thereon.  From  1865  to  January  1867  he  was 
engaged,  under  Mr.  Tone,  on  the  surveys  for  the  Bristol  and 
North  Somerset  Railway  and  Teign  Valley  Railway,  besides  other 
important  works.  In  1867  he  entered  into  partnership  with  his- 
brother  the  late  Mr.  Hubert  Laws,  and  practised  in  Newcastle- 
upon-Tyne.  This  partnership  lasted  till  1874,  and  amongst  the 
works  carried  out  by  them  were  private  works  for  the  Duke  of 
Northumberland,  the  Scotswood,  Newburn  and  Wylam  Railway, 
and  other  railways  and  works.  In  1870  he  reported  to  the 
Shields  Chamber  of  Commerce  on  the  navigation  of  the  Suez 
Canal.  He  was  engineer  jointly  with  Mr.  Thomas  Bouch  for  the 
Newcastle  and  Tynemouth  Tramway  Bills  in  1870  and  1871 ;  and 
he  designed  and  superintended  the  erection  of  the  railway  bridge 
over  the  River  Tyne  at  Wylam,  connecting  the  railways  on  the 
north  side  and  south  side  of  the  Tjnie.  Owing  to  the  existence  of 
coal  workings  near  the  surface,  it  was  not  considered  safe  to  put 
piers  in  the  river  and  the  bridge  consists  of  three  arched  girders 
of  240  feet  span,  springing  from  abutments  near  the  water-level, 
from  which  the  platform  is  hung  by  wrought-iron  suspension  bars 
carrying  cross  girders  below.  In  1874  he  entered  the  North 
Eastern  Railway  Co.'s  office  as  Chief  Assistant  to  the  late  Mr. 
T.  E.  Harrison,  and  assisted  in  the  carrying  out  of  many  important 
works,  including  the  alteration  and  extension  of  Hartlepool  Docks, 
the  riverside  railway  on  the  north  bank  of  the  Tyne,  the  railway 
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joining  Monk-vvearmonth  and  Sunderland,  including  the  bridge 
over  the  Eiver  "Wear,  and  the  extension  of  the  South  Shield.s 
Branch  of  the  North  Eastern  Eaihvay  Avith  the  new  station. 

In  December  1881  he  Avas  appointed  City  Engineer  for 
Xewcastle-upon-Tyne,  which  post  he  held  for  20  years.  During- 
this  time  many  important  works  were  carried  out,  and  he  was 
Engineer  for  the  Tramways  and  Street  Improvement  Bills  of 
1892,  1895,  1899,  and  1902.  Jointly  with  the  late  Mr.  Messent 
he  prepared  a  scheme  for  re-building  the  quay  wall  on  concrete 
well-monolith  foundations,  and  successfully  carried  out  several 
sections  of  this  work.  He  also  carried  oxit  many  street 
improvements  and  introduced  Australian  hardwood  paving  into 
Newcastle,  The  Ouseburn  Outlet  Sewers  for  the  drainage  of 
Gosforth,  &c.,  and  the  Eefuse  Destructor  at  Byker  were  important 
works  undertaken  and  completed  under  his  control.  In  1885  he 
designed  and  built  a  floating  hospital  for  the  Tyne  Port  Sanitary 
Authority,  and  in  1893  one  for  the  Tees  Port  Sanitary  Authority. 
Under  his  direction  the  first  portion  of  the  overhead  electric- 
tramway  system  in  Newcastle  Avas  laid  down  in  1900-1901. 

In  December  1901  he  resigned  the  office  of  City  Engineer  and 
was  appointed  Consulting  Engineer  to  the  Corporation.  His 
death  took  place  on  22nd  December  1904,  in  his  sixty-ninth  year, 
at  liis  residence  in  NcAvcastle-upon-Tyne,  from  heart  disease  after 
a  short  illness.  He  had  previously  suffered  from  heart  complaint 
from  time  to  time.  He  was  elected  a  Member  of  this  Institution 
in  1874;  and  was  also  a  Member  of  the  Institution  of  Civil 
Engineers,  and  of  the  North  of  England  Institution  of  Mining 
and  Mechanical  Engineers.  He  had  been  President  of  the 
Association  of  Municipal  and  County  Engineers. 

Frank  Theodore  Marshall  was  bom  in  Newcastle-on-Tyne 
on  8th  July  1866,  and  was  the  only  surviving  son  of  the  late 
Mr.  Francis  Carr  Marshall,*  for  many  years  head  of  the  fi.rm  of 
Messrs.  Hawthorn,  Leslie   and  Co.,  of  Newcastle-on-Tyne.      He 


*  Proceedings  1903,  Part  2,  page  361. 
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was  educated  at  Durham  School,  and,  when  sixteen  years  of  age, 
entered  as  a  premium  pupil  the  above-mentioned  works,  of  which 
he  subsequently  became  engineering  manager.  After  his  practical 
training,  he  proceeded  to  London  University,  taking  an  engineering 
course  under  Professor  Kennedy,  He  ultimately  returned  to  join 
his  father's  staff,  and  succeeded  him  in  1897,  being  appointed 
three  years  later  to  a  seat  on  the  board  of  directors,  as  managing 
director.  During  the  time  that  he  had  complete  control  of  the 
works  many  successful  designs  were  evolved,  and  many  satisfactory 
warships  and  merchant  vessels  were  engined.  Amongst  recent 
British  ships  for  which  he  designed  and  constructed  the  machinery 
may  be  noted  the  battleship  "  Bulwark,"  four  of  the  cruisers  of  the 
County  class,  and  the  cruiser  "  Duke  of  Edinburgh,"  as  well  as 
several  foreign  warships.  In  the  construction  of  machinery  for 
torpedo-boat  destroyers  he  was  particularly  successful,  and  since 
1899  the  firm  have  constructed  engines  for  about  a  dozen  of  these 
vessels,  all  of  which  have  given  satisfactory  results.  Although  in 
his  earlier  years  he  was  of  robxist  constitution,  for  some  time  his 
health  was  failing,  so  that  his  death  was  not  unexpected  when  it 
took  place  at  his  residence  in  Gosforth,  Northumberland,  on  10th 
February  1905,  at  the  age  of  thirty-eight.  He  was  elected  a 
Graduate  of  this  Institution  in  1889,  and  was  transferred  to  full 
membership  in  1902.  He  was  also  a  Member  of  the  Institution  of 
Civil  Engineers,  of  the  Institution  of  Naval  Architects,  and  of  the 
Xorth-East  Coast  Institution  of  Engineers  and  Shipbuilders. 

Gabriel  James  Morrison  was  bom  in  London  on  1st  November 
1840,  and  studied  at  the  Glasgow  University  under  Professor 
Rankine  and  Professor  Thomson  (afterward  Lord  Kelvin).  Whilst 
there  he  was  awarded  a  prize  for  experimental  investigation  and 
another  for  his  answers  on  the  theory  of  the  electric  telegraph  ; 
a  further  prize  was  given  him  by  his  fellow-students  for  general 
eminence  in  the  ordinary  business  of  the  Natural  Philosoi^hy 
class.  During  this  period  he  served  an  apprenticeship  of  five 
years  with  Messrs.  Robson  Forman  and  McCall,  civil  engineers  of 
that  city.     He  was  selected  by  Sir  William  Thomson  as  one  of  the 
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electricians  to  represent  liini  in  Newfoundland,  and  was  present 
at  the  laying  of  the  first  telegraphic  cable  across  the  Atlantic 
Ocean.  For  a  year  and  a  half  he  had  the  responsible  charge  as 
resident  engineer  of  the  Glasgow  and  Milngavie  Railway.  In 
1863  he  left  Glasgow,  and  joined  the  staff  of  Mr.  (afterwards  Sir 
James)  Brunlees,  in  London  as  one  of  his  principal  assistants, 
which  position  he  occupied  for  11  years.  During  this  time  he 
acted  as  resident  engineer  on  the  following  works :  Cleveland 
Eailway,  Lynn  Dock,  Clifton  Extension  Eailway;  he  also 
prepared  the  survey's  of  the  Volo  and  Larissa  Eailway,  and  was 
engaged  on  the  following  works  (making  many  of  the  principal 
drawings)  :  Lynn,  Avonmouth  and  Whitehaven  Docks,  San  Paulo, 
the  Central  Uniguay  and  Honduras  Eailways,  and  in  this  country 
the  Sol  way  Junction,  the  Lynn  and  Sutton  and  Spalding  and 
Bourne  Eailways.  During  this  time  he  was  also  much  engaged 
in  parliamentary  work  and  the  preparation  of  parliamentary 
plans,  estimates  and  the  collecting  together  of  engineering  evidence. 
He  read  at  the  meeting  of  the  British  Association  in  Belfast,  in 
1874,  a  Paper  on  "The  Adoption  (for  general  purposes  of 
navigation)  of  Charts  on  Gnomonic  Projection  instead  of  on 
Mercator's  Projection,"  which  eventually  resulted  in  his  book 
on  Maps  referred  to  hereafter. 

On  the  completion  of  the  Clifton  Extension  Eailway,  he 
commenced  practice  on  his  own  account  in  Westminster,  but 
shortly  afterwards  received  an  offer  to  proceed  to  China  as 
engineer-in-charge  of  the  first  railway  laid  down  in  that  Empire 
— namely  between  Shanghai  and  Woosung.  This  was  successfully 
laid,  and  the  line  was  opened  on  the  1st  July  1876  ;  soon  afterwards 
it  was  purchased  by  the  Chinese  Government  and  torn  up  by 
them,  the  materials  being  shipped  over  to  the  Island  of  Formosa, 
where  they  were  allowed  to  rust  away.  He  then  established 
himself  in  business  in  Shanghai  as  a  civil  engineer,  making  trips 
to  Formosa,  Peking,  and  the  interior  of  China,  visiting  officials 
and  endeavouring  to  introduce  a  system  of  trunk  lines  in  China. 
He  prepared  many  plans  and  estimates  in  connection  therewith, 
and  in  fact  devoted  all  his  energies  to  this  purpose.     He  also  took 
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great  interest  in  "  China's  Sorrow,"  the  Yellow  Eiver,  which  has 
caused  such  devastation,  and  he  made  careful  examinations  and 
reports  to  the  Chinese  Officials,  and  wrote  two  Papers  on  tliis 
subject  which  were  read  before  the  Institution  of  Civil  Engineers 
in  1888.  Much  of  the  above-mentioned  work  was  carried  out  in 
connection  with  or  in  addition  to  his  ordinary  business  in  Shanghai. 
In  1885  he  entered  into  partnership  with  Mr.  F.  M.  Cratton, 
F.R.I.B.A.,  and  the  firm  of  Morrison  and  Cratton,  ciA'il  engineers 
and  architects,  was  for  many  years  connected  with  the  largest  and 
most  important  works  carried  out  in  Shanghai  and  other  places  in 
China.  The  local  affairs  of  Shanghai  occupied  a  share  of  his 
attention,  and  he  occupied  a  seat  for  many  years  as  a  member 
of  the  Shanghai  Municipal  Coimcil.  He  was  the  first  President 
of  the  Society  of  Engineers  and  Architects  in  Shanghai,  and 
had  also  been  Commandant  of  the  Shanghai  A'olunteer  Corps. 
He  left  Shanghai  and  returned  to  London  in  1902,  and  was 
associated  with  Sir  John  Wolfe  Barry,  K.C.B.,  and  partners,  as 
consulting  engineers  of  the  Shanghai-Xanking  Railway. 

Mr.  Morrison  joined  the  Society  of  Arts  of  London  in  1900, 
and  the  Society's  silver  medal  was  conferred  upon  him  in  1903  for 
his  Paper  on  Maps  and  Charts.  He  also  wrote  a  book  upon  the 
same  subject,  which  has  been  published  b}"  Edward  Stanford. 
His  death  took  place  at  his  residence  in  Kensington  on  11th 
February  1905,  at  the  age  of  sixty-four.  He  became  a  Member 
of  this  Institution  in  1900 ;  he  was  also  a  Member  of  the 
Institution  of  Civil  Engineers,  being  awarded  the  Telford 
Premium  and  receiving  the  "Watt"  medal  in  1876.  He  was 
elected  a  Member  of  the  Institution  of  Electrical  Engineers,  and 
was  a  Member  of  the  Eoyal  Institution  and  a  Fellow  of  the 
Koyal  Geographical  Society.  He  frequently  contributed  Papers 
and  articles  to  the  leading  technical  societies  and  to  the  press, 
particularly  to  the  '•  North  China  Daily  News." 

William  Blswick  Myers-Beswick  was  bom  in  Leeds  on  2nd 
July  1850.  He  was  the  son  of  the  late  Mr.  W.  H.  N.  Myers,  of 
that  City,  and  took  the  surname  of  Bcswick  on  inheriting  the 
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ancient  manorial  propertj-  of  Gristhorpe,  near  Filey  in  Yorkshire. 
He  was  articled  to  Messrs.  Filliter  and  Eofe,  hydraulic  engineers, 
of  Leeds.  Afterwards  he  went  through  the  civil  engineering  course 
at  Berlin  University;  and  on  his  return  to  England  he  joined 
the  staff  of  the  late  Mr.  John  Fraser,  of  Leeds,  whose  practice  he 
continued  to  carry  on  in  conjunction  Avith  his  brother-in-law, 
Mr.  Henry  J.  Fraser,  until  the  death  of  the  latter,  when  he 
continued  in  practice  by  himself,  with  offices  in  Westminster  and 
Leeds.  For  the  last  four  years  he  was  in  partnership  with  Mr. 
W.  P.  Morison  and  Mr.  G.  F.  Murray,  both  of  whom  had 
co-operated  with  him  as  assistants  for  some  years.  His  practice 
comprised  the  construction  of  many  important  branches  of  the 
Great  Northern  Eailway  in  Yorkshiie  and  Leicestershire,  and 
works  for  the  North  Eastern  and  London  and  North  Western 
Companies,  including  some  heavy  tunnelling,  viaducts  and  a  great 
variety  of  bridgework.  On  the  Pudsey  Branch  he  constructed  the 
Tyersall  Bank,  the  extreme  height  of  which  attains  to  110  feet, 
and  contains  about  600,000  cubic  yards  of  material.  He  also 
conducted  an  extensive  parliamentary  and  general  consulting 
practice.  He  was  a  magistrate  for  the  North  Biding  of  Yorkshire, 
and  took  a  great  interest  in  county  affairs.  His  death  took  place 
at  Malvern,  where  he  had  gone  for  the  benefit  of  his  health,  on 
27th  December  1904,  at  the  age  of  fifty-four.  He  became  a 
Member  of  this  Institution  in  1888  ;  and  he  was  also  a  Member  of 
the  Institution  of  Civil  Engineers. 

Joseph  Nasmith  was  born  in  Manchester  on  22nd  April  1850,  and 
received  part  of  his  education  at  the  old  Mechanics'  Institute, 
afterwards  serving  his  time  as  an  engineer  and  millwright  with 
Messrs.  Wren  and  Hopkinson,  of  Manchester.  He  then  obtained 
further  experience  as  an  engineer  at  various  works  in  other  parts 
of  the  country,  including  some  time  spent  in  Portsmouth  Dockyard. 
From  that  date  he  was  always  extending  his  knowledge  of 
spinning  and  weaving  ai^pliances,  and  was  ranked  as  one  of  the 
highest  authorities  on  these  subjects.  His  knowledge  was  recognised 
when  he  was  appointed  in  1896  Examiner  in  Cotton  Spinning  for 
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tlie  City  and  Guilds  of  London  Technical  Institute.  In  1890  ho 
started  in  business  as  a  consulting  engineer,  particularly  in  textile 
work,  and  at  the  same  time  became  editor  of  the  "  Textile 
Kecorder,"  for  which  journal  he  wrote  articles  on  almost  every 
subject  connected  with  the  textile  industry.  Two  of  his  books 
are  recognised  as  standard  works,  namely,  "  Modern  Cotton 
Spinning  Machinery "  and  the  "  Student's  Cotton  Spinning." 
For  many  years  he  had  been  a  member  of  the  Manchester 
Association  of  Engineers,  finally  being  elected  President  for  the 
Sessions  1896-1897.  During  all  that  period  he  took  a  great 
interest  in  its  progress,  and  frequently  took  part  in  the 
discussions.  He  was  an  ardent  educationalist,  and,  as  a  co- 
optative  member  of  the  Technical  Instruction  Committee  for 
Manchester,  he  devoted  himself  untiringly  to  the  subject  during 
the  time  the  new  Municipal  Technical  College  was  being  erected 
and  installed.  For  some  years  he  had  been  managing  director  of 
Meters  Limited,  a  company  employed  in  the  manufacture  of  gas 
meters,  which  owns  several  largo  works.  In  1903  he  was 
appointed  chairman  of  the  joint  committee  of  the  Manchester 
Association  of  Engineers  and  the  Technical  Instruction  Committee 
of  Manchester,  which  was  then  conducting  some  exhaustive  tests 
on  the  relative  values  of  tool  steel. 

For  some  considerable  time  his  health  had  been  very  indifferent, 
but  latterly  a  change  for  the  better  seemed  to  have  set  in,  and  it 
was  hoped  that  he  would  soon  be  completely  recovered.  His 
death,  however,  took  place  suddenly  at  his  residence  on  8th 
December  1904,  in  his  fifty-fifth  year.  He  became  an  Associate 
of  this  Institution  in  1889 ;  was  transferred  to  the  class  of 
Associate  Members  in  1894,  and  finally  became  a  Member  in 
1897. 

Egbert  Oswald  was  bom  in  Glasgow  on  29th  May  1855.  He 
was  educated  at  Milnes  School  and  Mearns  Street  Science  Classes, 
Greenock.  In  1871  he  commenced  an  apprenticeship  of  seven 
years  with  Messrs.  John  Scott  and  Co.,  engineers  and  shipbuilders, 
of  Greenock,  after  which  he  was  engaged  from  1878  to  1882  in 
designing  and  constructing  marine  and  other  machinery  for  the 
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following  Greenock  firms — Messrs.  Kincaicl  and  Donald,  Messrs. 
Caird  and  Co.,  Messrs.  Steel  and  Co.,  and  Messrs.  Eankiu  and 
Blackniore.  In  1882  he  went  out  to  China  and  was  engaged  in 
designing  and  constructing  marine  and  land  engines  for  Messrs. 
S.  C.  Farnham,  of  Shanghai,  until  1888  when  he  entered  the 
drawing  office  and  became  assistant  superintendent  in  the 
Imperial  Arsenal  at  Tientsin.  From  April  1900  to  the  outbreak  of 
hostilities  in  the  same  year  he  acted  as  superintendent  of  the 
Arsenal  in  the  absence  of  Mr.  Stewart,  and  was  responsible  for 
the  manufacture  of  mild  steel,  shells,  field  guns,  sulphur,  silver 
coins,  steamers,  engines,  boilers,  cartridges,  smokeless  powder,  &c. 
For  the  services  rendered  by  him  to  the  sick  and  wounded  and  to 
the  troops  generally  he  received  the  special  thanks  of  the  Secretary 
of  State  for  India  and  of  Lieut.-General  Sir  Alfred  Gaselee, 
Commander  of  the  British  Contingent  China  Field  Force.  In  the 
autumn  of  1900  he  began  on  his  own  [account  in  Tientsin  as- 
consulting  engineer,  surveyor,  and  architect.  In  a  short  time  he 
had  established  a  good  business  and  had  constructed  some  of  the 
finest  buildings  in  Tientsin,  includicg  the  large  Victoria  Buildings, 
the  Eusso-Chinese  Bank,  and  the  Yokohama  Specie  Bank.  In 
1902  he  took  into  partnership  Mr.  Loup  and  Mr.  Lee,  the  firm 
being  styled  Messrs.  Oswald,  Loup,  and  Lee.  In  June  1904  he 
returned  home,  and  illness  supervening,  his  death  took  place  in 
Edinburgh,  on  12th  December  1904,  in  his  fiftieth  year.  He 
became  a  Member  of  this  Institution  in  1903. 

Francis  Peacock  was  bom  in  Leeds  on  2nd  April  1837.  He 
commenced  his  apprenticeship  at  the  New  Holland  Works  of 
the  Manchester,  Sheffield  and  Lincolnshire  Eailway,  and  was 
transferred  in  1852  to  the  Gorton  Works.  Two  years  later  he 
entered  the  locomotive  works  of  Messrs.  Beyer  Peacock  and  Co., 
but  returned  in  1856  to  the  New  Holland  Works  as  assistant 
foreman,  where  he  remained  four  years.  He  then  was  appointed 
foreman  of  the  Cyclops  Works  at  Goole,  and  retained  this 
position  until  1865  when  he  went  to  sea  as  second  engineer, 
subsequently  becoming  chief  engineer.     From   1867  to  1869  he 
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was  ill  Messrs.  Beyer  Peacock's  ^Yorks,  and  then  was  appointed 
locomotive  superintendent  of  the  Smyrna  and  Cassaba  Kailway, 
Asia  Minor.  In  that  position  lie  remained  for  twenty-seven 
years,  until  his  retirement.  In  1897,  however,  at  the  request  of 
the  late  Mr.  II.  E.  Baines,  and  on  the  commencement  of  the 
constioiction  of  the  Egyptian  Delta  Light  Eailways,  he  went  out 
to  Damanhour  to  take  up  the  position  of  chief  store-keeper  and 
works  manager,  remaining  in  the  company's  service  until  June 
1902.  His  death  took  place  in  Cairo  on  14th  February  1905,  in  his 
sixty-eighth  year.   He  became  a  Member  of  this  Institution  in  1890. 

James  Edward  Eansome  was  born  at  Ipswich  on  13th  July 
1839.  In  1856  he  entered,  as  an  apprentice,  the  Orwell  AVorks  at 
IpsAvich,  belonging  to  the  firm  then  known  as  Eansomes  and 
Sims.  These  Works  were  founded  by  his  grandfather,  Eobert 
Eansome,  the  inventor  of  the  chilled  plough-share,  in  1789.  In 
1860,  on  the  completion  of  his  apprenticeship,  he  became  identified 
with  the  management  of  the  plough  and  implement  department 
of  the  business,  and  during  the  next  twenty  years  or  so  he 
represented  the  firm  at  the  many  competitions  in  the  ploughing 
field  which  then  took  place  between  the  leading  plough 
manufacturers.  It  was  largely  due  to  his  efforts  and  ability 
that  his  firm  succeeded  in  securing  four  out  of  the  six  first 
prizes  offered  at  the  Eoyal  Agricultural  Society  of  England's 
Show  at  Newcastle  in  1864,  and  a  prize  in  each  of  the  seven 
divisions  for  ploughs  at  the  Leicester  Show  in  1868.  By  1882  the 
firm,  with  his  assistance,  had  succeeded  in  winning  no  fewer  than 
435  prizes  for  single  and  double  ploughs.  He  became  a  partner 
in  1868,  and  one  of  the  managing  directors  when  the  business 
was  converted  into  a  company,  under  the  title  of  Eansomes,  Sims 
and  Jefferies,  on  1st  January  1884.  On  the  death  of  his  brother, 
Eobert  Charles  Eansome,  in  1886,  he  held  the  chairmanship  of  the 
■company  conjointly  in  alternate  years  with  his  contemporary, 
John  Eobert  Jefferies,  until  the  death  of  the  latter  in  1900,  when 
he  became  chairman,  and  held  this  office  till  his  death.  The 
practical    part    of  his   career   was   entirely  identified   with    the 
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agricultural  engineering,  as  distinct  from  the  general  engineering 
side  of  the  business  carried  on  by  his  company.  Among  his 
contributions  to  the  literature  of  the  subject  was  a  Paper  on 
•'  Ploughs  and  Ploughing,"  read  before  the  Eoyal  Agricultural 
College  at  Cirencester  in  1865,  in  which  he  dealt  exhaustively 
with  the  history  of  ploughs,  and  with  the  scientific  construction 
of  the  modem  implement.  Another  Paper  on  "  Double  Furrow 
Ploughs,"  read  before  the  Framlingham  Farmers'  Club  in  1872, 
dealt  with  the  economy  secured  by  the  use  of  these  ploughs 
as  compared  with  single-furrow  ploughs.  Among  the  many 
improvements  he  introduced  which  have  become  admitted 
successes,  and  which  have  been,  or  will  be,  generally  used  on 
the  expiry  of  the  patent  rights,  may  be  mentioned  the  bowl 
wheel,  for  turning  double-furrow  ploughs ;  the  divided  or 
sectional  plough-share,  to  effect  economy  in  wearing  parts  ;  the 
taper  tine,  applied  to  cultivators  and  horse  hoes,  securing  the 
rigidity  of  a  fixed  tine  with  the  flexibility  of  a  spring  tine ;  and 
the  divided  cutter  barrel  in  lawn  mowers,  by  which  the  blades, 
being  partly  in  a  right-hand  spiral  and  partly  in  a  left-hand 
spiral,  deliver  the  cut-grass  centrally  into  the  grass-box.  He 
designed  and  organised  the  new  plough  and  implement  factory 
recently  erected  by  his  company,  and  made  large  extensions  in 
their  lawn  mower  factory.  The  trade  carried  on  in  this  latter 
factory  he  managed  entirely,  and  the  business  in  motor  lawn 
mowers  now  successfully  established  by  his  company  is  due  to  his 
initiative  and  energy.  He  was  an  active  Member  of  the  CouncU. 
of  the  Eoyal  Agricultural  Society  of  England,  the  Council  of  the 
Smithfield  Club,  and  the  Council  of  the  Bath  and  West  of 
England  Agricultural  Society,  besides  being  a  member  of  many 
other  agricultural  societies  in  various  parts  of  the  country.  He 
was  a  Justice  of  the  Peace  for  the  borough  of  Ipswich.  His  death 
took  place  in  London  on  the  30th  January  1905,  in  his  sixty-sixth 
year.     He  became  a  Member  of  this  Institution  in  1886. 

William  Roberts   was  born   at  Trevanion,  St.   Mewan,  near 
St.  Austell,  Cornwall,  on  2nd  June   1844.     He  was  educated  at 
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Dr.  Drake's  Academy,  St.  Austell,  and  afterwards  at  the  College, 
Taunton.  From  1861  to  1865  he  served  an  apprenticeship  at  the 
Hayle  Foundry,  Cornwall,  and  then  entered  the  service  of  the 
Manchester,  Sheffield  and  Lincolnshire  Eailway  under  the  late 
Mr.  Charles  Sacre,  Chief  Engineer.  He  remained  in  the  drawing 
office  until  January  1869,  when,  through  the  recommendation  of 
Mr.  Sacre,  he  was  appointed  assistant  general  manager  of  the 
Buenos  Ayres  Great  Southern  Eailway,  which  position  he  held 
until  1882,  when  he  was  appointed  resident  engineer  and 
locomotive  superintendent,  retaining  the  former  position  until 
February  1885,  and  the  latter  until  22nd  February  1884,  it  being 
decided  at  that  time,  as  the  result  of  the  rapid  development  of  the 
railway,  that  the  engineering  department  should  be  sub-divided 
into  Permanent  Way  and  Works,  and  Locomotive,  Carriage,  and 
Wagon  departments.  During  his  service  with  this  company  from 
1869  to  1885,  the  railway  had  increased  from  70J  to  689  miles, 
including  the  very  important  extensions  from  Olavarria  to  Bahia 
Blanca  and  Tandil  to  Juarez,  both  of  which  were  constructed 
during  the  time  when  he  was  the  chief  resident  engineer  of  the 
company.  On  leaving  the  Buenos  Ayres  Great  Southern  Eailway, 
he  started  in  Westminster  as  a  consulting  engineer,  and  his 
practice  included  the  Buenos  Ayres  and  Mercedes  Extension  of 
the  Buenos  Aires  and  Pacific  Eailway  (66  miles),  the  Venezuela 
Central  Eailway,  the  Argentine  Great  Western  Eailway,  &c.  In 
1886  he  became  a  director  of  the  Costa  Eica  Eailway  and  the 
North-West  Argentine  Eailway.  In  1888  he  was  instructed  by  the 
Board  of  the  Argentine  Great  Western  Eailway  Company  to  make 
a  detailed  inspection  of  and  report  on  this  railway,  and  in  the 
following  year  was  appointed  general  manager  for  three  years 
during  a  period  of  serious  difficulty.  On  the  termination  of  this 
engagement,  in  1891,  he  returned  to  London  and  subsequently 
joined  the  boards  of  several  companies. 

He  was  elected  a  director  of  the  Buenos  Ayres  and  Ensenada 
Port  and  Eailway  in  1894,  and  continued  to  serve  in  that  capacity 
until  its  amalgamation  with  the  Great  Southern  Eailway  in 
October  1898.      In  the   same  year  he  became   one   of  the   first 
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directors  of  the  Imperial  Portland  Cement  Company  and  took  a 
great  interest  in  the  business,  whicli  lie  helped  to  found,  his 
engineering  knowledge  being  of  considerable  value  in  establishing 
the  works,  while  his  acquaintance  among  contractors  and  others 
materially  assisted  in  making  it  a  prosperous  concern.  In  1902  he 
became  one  of  the  first  directors  of  the  British  Automatic  Aerators 
Co.,  and  through  his  instrumentality  the  form  and  simplicity 
of  working  the  apparatus  was  greatly  changed.  His  death  took 
place  suddenly  while  visiting  in  Upper  Norwood,  London,  on 
17th  July  1904,  at  the  age  of  sixty.  He  became  a  Member  of  this 
Institution  in  1887  ;  and  was  also  a  Member  of  the  Institution 
Civil  Engineers. 

Beadchamp  Tower  was  born  on  13th  January  1845  at  Morton 
Kectory,  in  Essex,  of  which  place  his  father  was  rector,  and  was 
educated  at  Uppingham  School.  He  commenced  his  engineering 
career  as  a  pupil  at  the  Elswick  Works,  Newcastle-on-Tyne,  in 
1861,  and,  after  the  completion  of  his  four  years'  pupilage, 
remained  at  the  works  as  draughtsman  for  a  few  months,  leaving 
in  1866  to  take  charge  of  the  construction  of  a  number  of  iron 
steamers  at  the  Tyne  Iron  Works,  where  he  remained  until  1868. 
In  1869  he  became  assistant  to  the  late  Mr.  William  Eroude,  F.R.S., 
helping  him  in  the  preparation  of  the  plant  for  the  Admiralty 
Experimental  Works  at  Torquay,  and  designed  some  of  the 
apparatus.  During  this  period  he  invented  a  speed  indicator, 
which  was  fitted  to  several  ships  of  the  Eoyal  Navy ;  he  worked 
with  Mr.  Eroude  until  1872,  when  his  health  gave  way,  necessitating 
a  year's  trip  in  a  sailing  vessel  to  the  South  Sea  Islands.  On  his 
return  he  carried  out,  in  the  years  1874-1875,  an  extensive  series 
of  experiments  on  torpedoes,  the  work  being  undertaken  on  behalf 
of  Sir  William  Armstrong  and  Co.  In  1875  his  reputation  as  a 
careful  and  ingenious  experimentalist  led  to  his  employment  by 
Lord  Eayleigh  in  some  experiments  in  connection  with  his  work 
on  the  "Theory  of  Sound."  In  1877  he  rejoined  Mr.  Froude's 
staff,  and  assisted  in  the  development  of  the  marine-engine 
dynamometer.     Mr.  Froude's   health   broke   down,  and  he  asked 
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Mr.  Toxver  to  accompany  him  in  his  voyage  to  the  Cape,  where  he 
died.  On  Mr.  Tower's  return  to  England,  in  1878,  he  commenced 
practice  on  his  own  account,  and  it  was  then  that  he  developed 
his  ingenious  spherical  engine,*  which  was  largely  employed  for 
some  years  when  high  rotary  speeds  were  needed.  Early  in  the 
"  eighties "  he  began  the  great  work  of  his  life,  namely  the 
construction  of  the  gyroscopic  "  steady  platform  "  for  searchlights 
and  guns  at  sea.  The  device  was  tested  by  the  Admiralty,  who 
encouraged  the  inventor  to  devote  his  time  to  these  experiments  ; 
but  who,  finally,  in  spite  of  the  success  of  the  trials,  decided  that 
the  apparatus  was  unsuitable  for  the  service.  The  principal 
reason  given  for  this  decision  was  that  the  weight  needed  for  the 
"  steady  platform  "  could  be  more  usefully  employed  in  carrying 
an  extra  gun  or  ammunition.  Though  naturally  disheartened,  he 
proceeded  to  adapt  his  invention  for  use  on  cross-channel  steamers, 
and  was  engaged  on  this  work  at  the  time  of  his  death. 

Mr.  Tower  was  best  known  to  engineers  in  general  by  his 
experiments  on  journal  friction,  and  during  the  period  from  1882 
to  1891  he  was  busily  engaged  in  making  experiments  for  the 
Com&ittee  on  Friction  Experiments,  appointed  by  this  Institution. 
The  First  Eeport,t  in  which  the  machine  and  method  of 
experimenting  were  described,  was  presented  to  the  Institution 
in  1883.  The  Second  Eeport,|  on  the  Oil  Pressure  in  a  Bearing, 
was  read  in  1885  ;  the  Third  Eeport,§  on  the  Friction  of  a  Collar 
Bearing,  in  1888  ;  and  the  Fourth  Report, ||  on  the  Friction  of  a 
Pivot  Bearing,  was  read  in  1891.  His  death  took  place  suddenly 
from  hsemorrhage  on  the  brain  at  his  residence  near  Brentwood, 
Essex,  on  31st  December  1904,  in  his  sixtieth  year.  He  became  a 
Member  of  this  Institution  in  1883  ;  and  was  also  a  Member  of  the 
Institution  of  Civil  Engineers,  and  of  the  Institution  of  Naval 
Architects. 

*  Proceedings  1885,  page  96. 
t  Ibid,  1883,  page  632. 
X  Ibid,  1885,  page  58. 
§  Ibid,  1888,  page  173. 
II  Ibid,  1891,  page  111. 
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Plate  I. 
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AMERICAN     PUMPING     ENGINES. 


Plate   2. 


Fig.    12.        ^o- million  gallon    Vertical 

1  ripU-Expansion  Pumping  Engine, 

at  Chestnut  Hill,  Boston,  Mass. 

Diam.  of  Cyls.jo  ins.,  j6  ins.,  and  S~  ins 

Stroie  66  ins. 

Average  Steam  Pressure  at  Engine 

iS^.^j  lbs. 

Total    Water    Pumped  during    test 

30.313,91  J  S^l^-  '"  -4  hours. 

Average  Dry  Steam  per  l.H .P.per  hour 

10.335  If'S. 

Duty  per  1,000  lbs.  of 

dry    steam 

r~8,497,oooft.  Ihs. 

Thermal  Efficiency  of 

Eng.  2 1. 6 J  per  cent. 


Fi£ 


AMERICAN     POWER-STATION 

4.     s,ooo  H.P. 

A  His-  Chalmers   Engine 

and 

3,500  Bullock   Electric   Generator, 

at  the  St.  Louis  Exhilntion.  rgo^. 


ENGINES. 
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DEFORMATION     IN     METALS.  Plate  3. 

Fi^'"s.  I  and  2.      Flat  Steel  Bars,  tensile  stress  20  tons  per  square  inch. 

The  light  bands  are  the  lines  of  deformation,  as  shown  by  the  mill  scale  flaking  off  the  metal. 

3"  X  i"  4" 

t 


X  i" 


Figs.  3  and  4.      Cylindrical  Steel  Blocks,  Polished  and  Blued. 

Compressive  stress  12  tons  per  square  inch.    The  deformed  areas  at  the  right  ends  were  produced  by  gradually 
advancing  strain  waves.      Some  independent  lines  are  shown  at  the  left  end  of  each  blocli. 


i"  diaiii.   X    li" 

A  flat  I"  -wide  planed  on  one  side,  afterwards 
polished  and  blued. 


i"  diain.   x    il" 

The  boundary  of  the  right  area 
is  perfect 


5.    Prismatic  Steel  Block.    1"  sq.  x  1h" 

Polished  and  blued.  Compressive  stress  12  tons  per  sq.  inch. 
Many  of  the  lines  are  continuous  round  the  faces  of  the  prism, 
showing  that  they  are  the  traces  of  the  planes  of  deformation. 


mi^mmm 


6.     Cylindrical  Steel  Bar.     f '  diain. 

Polished  and  blued.  Tensile  stress  13  tons  per  square  inch. 
The  darker  part  in  the  middle  of  the  bar  has  not  yet  yielded. 
The  lighter  deformation  bands  are  seen  to  be  helical. 
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Plate  4. 


Flat   Steel  Bars. 


Fior.  8. 


X 


Fie:. 


4"   X  i" 


The  contractile  cross  is 
clear  and  symmetrical, 
and  the  commencement  of 
fracture  is  shown  at  the 
intersection    of    the    de- 


l  he  contractile  cross  is  not  coaxial 
u-ith  the  bar.  The  short  dark  Hue 
at  the  intersection  of  the  depressions 
s/iou's  the  commencing  fracture. 


Fig.    lO.      2"    X    i" 

Only  one  of  the  depressions 
appears.  The  indications 
of  the  second  one  on  the  bar 
itself  are  very  slight  indeed. 


Fig:.   II. 


X 


Fig:.   12. 


X 


Only  one  of  the  branches  of  the  cross 
appears.  This  bar  was  stretched 
three  times,  with  intermediate  an- 
nealings. The  minimum  thickness 
of  metal  at  the  bottom  of  the  de- 
pressions is  J  the  original  thukness 
of  the  bar.  '^ 


Only  one  depression  appears,  though 
the  other  may  be  felt  on  the  bar,  and 
is  just   visible   oti    the    right   side  of 

the  Fig. 
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DEFORMATION     IN     METALS. 

Steel  Bars  of  various  sections  broken   by    Tension. 


Plate  5. 


Fie:. 


15- 


X 


1" 


Fij 


17. 


Fracture  on  right  occurring  along  the  contractile 
depression.  Flame-like  bands  of  deformation,  as 
fhev  appear  at  the  end  of  the  test,  each  show  the 
central  dark  line  ;,'■;.':  ■>  >•■-•'■■'-/>,■  tt:c  trace  of  the 
original  pLoii  o'    ;'.  / 


Fig.   i6. 

Prismatic  Bar.  f"  diani. 

1"  square, showing  pyramidal  Shoicing  helicoi- 

form   of   fracture.     The   -cer-  dal  form  of 

tical  angle  of  the  pyramid  is  fracture.     Angle 

J  a.  of  heli.x  is  a. 


Fig.  1 8.  f'diain 

Shoii'ing  conical 
form  of  fracture. 
The  vertical  angle 
of  the  cone  is  2  a. 


Fracture  viewed  from  wide  face, 
at  the  angle  y=65^,  to   the  a.xis. 


Fracture  viewed  from  narrow 

face,  at  the  angle  a =50°,  to 

the  axis. 


Flat  Bars. 

The  fracture  is  seen  to  be  commencing  at  the  intersection  of  the  branches 
of  the  contractile  cross. 
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PRESIDENT. 
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PROCEEDINGS 


17  March  1905. 


An  Ordinary  General  Meeting  was  held  at  the  Institution  on 
Friday,  17th  March  1905,  at  Eight  o'clock  p.m.;  Edward  P. 
Martin,  Esq.,  President,  in  the  chair. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

The  President  announced  that  the  Ballot  Lists  for  the  election  of 
New  Members  had  been  opened  by  a  committee  of  the  Council,  and 
that  the  following  seventy-nine  candidates  were  found  to  be  duly 
elected : — 

MEMBERS. 

Adey,  John  Atkins,        ....     Manchester, 
Bagnall-Wild,    Ealph    Kirkby,    Captain 


E.E., 

London. 

Keay,  James  Alfred,     . 

Leicester. 

Lawbie,  Peter  Stanley, 

Penang. 

L'EsTRANGE,  Arthur  Henry  Carleton, 

London. 

Meek,  John,          .... 

Coventry. 

Pratten,  Frederick  Edward, 

Dartford. 

Sharp,  Egbert  Gordon, 

Leeds. 
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associate  members. 

Adams,  Francis  Eobert  John, 
Atkins,  Harry  Frederick, 
Barber,  George  Alfred, 
Buckley,  Philip,   . 
Cabena,  Richard  Hanson, 
Croll,  James, 

Davidson,  Byron  Montgomerie, 
DiMMACK,  Arthur, 
Eggers,  Hermann  Fredrio  Carl, 
Fawkes,  Eupert  Edward  Francis, 
Ferguson,  Roderick  Morrison, 
Fletcher,  Aubrey, 
Foster,  Edgar, 
Fulton,  Norman  Osboene, 
GooDiER,  Herbert, 
Goodwin,  Robert,  . 
Hay,  John  Angus, 
Heaton,  William  Henry, 
Hewitt,  Arnold  Ernest, 
Higgins,  Edward  Panter, 
HuNTON,  William, 
Hutchison,  Percy, 
Jenkins,  Edgar  Jackson, 
Kennedy,  James  Alexander, 
Knowles,  Guy  John  Fenton, 
Lee,  Horace  Pelham,     . 
LoNGWORTH,  Alfred  Edgar, 
Marty,  Federico, 
Maryon,  Arthur  Thompson, 
Mason,  Francis  Bernard, 
McCooL,  John  William, 
Merrall,  Charles  Eddington, 
Mitchell,  Edward  Albert, 
Moffat,  William  Glover, 


London. 

Shipley,  Yorks. 

Woolwich. 

Leeds. 

Croydon. 

Maui,  Hawaiian  Is. 

Cachar,  India. 

Chester. 

Dunedin. 

Liverpool. 

Sunderland. 

London. 

Derby. 

Glasgow. 

Bradford. 

Basingtoke. 

London. 

London. 

Bradford. 

Stroud,  Glos. 

Rugby. 

London. 

Rotherham. 

S.  Sylhet,  India. 

London. 

Coventry. 

Rangoon. 

Buenos  Aires. 

London. 

London. 

Calcutta. 

London. 

London. 

Belfast. 
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MUEBAY,  GeOKGE  WiLLIAM, 

Newman,  Arthur  Dudley, 
Phillips,  Frank  Hugh,  Lieut. 
PiERCY,  George  Frederick, 
Eatouff,  Wilfred, 
Eawlins,  James  Eiohard, 
Egberts,  Henry  James,  . 
Sillae,  Alfred  Eichmond, 
Smith,  George  Alfred,  . 
Smith,  Harold, 
Smith,  Louis  William,    . 
Smith,  Matthew  Sidney, 
Swan,  William  Egbert, 
Taylor,  George  Stevenson, 
Tritton,  William  Ashbee, 
Turner,  Ernest  William, 
Uttley,  Edwin  Abraham, 
Wall,  Charles,     . 
Williams,  George  Bransby, 
WiLLMER,  Ernest  Edward, 


A.O.D., 


Bombay. 

Johannesburg. 

Chatliam. 

Birmingham. 

Birmingham. 

Colombo. 

Port  Talbot. 

Colchester. 

Woolwich. 

Manchester. 

Leiston,  Suffolk. 

S.  Melbourne,  Victoria. 

Penang. 

London. 

Magdeburg-Buckau. 

Peterborough. 

Bulawayo. 

London. 

London. 

Quilon,  S.  Lidia. 


graduates. 

Bathe,  Cecil  David  Dalrymple, 

BucKTON,  Ernest  James, 

Buttbkworth,  Joseph,    . 

Chadwick,  George  Herbert,  . 

Clench,  Edward  Claude  Shakespeare, 

Homan,  Arthur  Knox,    . 

Kininmonth,  Colin  Peter, 

Lane,  Harry  Joseph, 

Larkin,  Leslie,     .... 

Mallett,  Arthur  Henry, 

MowLL,  Harold  Havelock  Savignac, 

Myers,  Archibald  Charles  Tracey, 

Stanier,  John  Hamilton, 

SwiNNEY,  Herbert, 


Crewe. 

London. 

Manchester. 

Buenos  Aires. 

London. 

Dublin. 

Manchester. 

London. 

London. 

Bristol. 

London. 

London. 

Gateshead. 

Chepstow. 
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Waddy,  Albebt  Wilfred, 
Walker,  Charles  Albert, 
Williams,  Hugh  Eiohabd, 


London. 
London. 
London. 


The  President  announced  tliat  the  following  six  Transferences 
had  been  made  by  the  Council  since  the  last  Meeting : — 

Associate  Memhers  to  Members. 
Ambler,  Eatoliff  Vincent,  ....     Iquique. 


Armistead,  Thomas  Webster 
Bale,  John  Henry  Fooks, 
Cooper,  Thomas, 
Craig,  Alexander, 
Kushton,  James  Lever, 


Liverpool. 

London. 

London. 

Coventry. 

Bolton. 


The  following  Paper  was  read  and  partly  discussed : — 
First   Keport    to   the   Steam-Engine   Research   Committee";    by 
Professor  David  S.  Capper,  Member,  of  London. 


The   Meeting   terminated   at   Twenty  minutes   to  Ten  o'clock. 
The  attendance  was  160  Members  and  94  Visitors. 
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PROCEEDINGS. 


31  March  1905. 


An  Extra  General  Meeting  was  held  at  the  Institution  on 
Friday,  31st  March  1905,  at  Eight  o'clock  p.m. ;  Edward  P. 
Martin,  Esq.,  President,  in  the  chair. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

The  Discussion  on  the  "First  Eeport  to  the  Steam-Engine 
Eesearch  Committee,"  by  Professor  Capper,  was  resumed  and 
further  adjourned. 


The  Meeting  terminated  at  Ten  o'clock.     The  attendance  was 
91  Members  and  41  Visitors. 
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FIRST  EEPORT   TO   THE 
STEAM-ENGINE   RESEARCH   COMMITTEE.* 


By  Pbopessob  DAVID  S.  CAPPER,  Member,  of  London. 


The  Steam-Engine  Researcli  Committee  was  constituted  at  the 
instance  of  the  late  Mr.  Bryan  Donkin  to  investigate  and  carry  out 
research  upon  the  Initial  Condensation  in  Steam-Engine  Cylinders. 
With  this  object  a  French  firm  undertook  to  construct  an  engine 
embodying  the  ideas  of  Mr.  Donkin,  and  to  lend  it  to  the  Committee 
for  a  series  of  research  experiments.  This  engine  was  provided  with 
three  valves — first,  one  to  admit  steam  during  lead ;  secondly,  one  to 
open  at  the  commencement  of  the  stroke  and  to  act  as  the  admission 
valve,  and  thirdly,  an  exhaust  valve.  By  supplying  the  first  and  second 
valves  from  separate  boilers  Mr.  Donkin  hoped  that  the  steam  required 
to  replace  initial  condensation  might  be  separately  measured.  The 
French  firm  at  the  last  moment  found  that  the  engine  had  been  so 
costly  in  construction  that  they  were  unable  to  fulfil  their  promise, 
and  this  form  of  experiment  had  to  be  abandoned.  The  Committee 
then  decided  to  accept  the  offer  of  the  authorities  of  King's  College, 
London,  to  provide  an  engine  of  more  ordinary  design  and  place  it 
at  their  disposal  for  experimental  purposes.  Through  the  kindness 
of  Messrs.  Marshall,  Sons  and  Co.,  of  Gainsborough,  a  special  engine 
was  obtained  at  cost  price,  and  erected  in  the  Engineering  Laboratory 
at  King's  College. 

*  Incorporating  the  results  of  exijeriments  at  King's  College,  London,  on 
Jacketed  and  Unjacketed  Cylinders. 
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Description  of  Engine. — The  engine  thus  obtained  is  a  horizontal 
compound  engine.  The  cylinders,  which  are  side  by  side,  are  6^  inches 
and  111  inches  diameter  by  14  inches  stroke,  and  the  connecting-rods 
drive  cranks  phaced  at  right  angles.  The  arrangement  of  the 
engine  and  connections  is  shown  in  Fig.  1  (page  175). 

Each  cylinder  is  separately  jacketed  on  the  barrels  and  the  ends, 
the  supply  and  drain  from  the  ends  being  separate  from  that  for  the 
barrel.  Each  cylinder  is  fitted  with  a  Meyer  expansiou-valve 
adjustable  by  hand  so  that  the  cut-off  can  be  separately  varied 
between  one-quarter  and  five-eights  of  the  stroke.  By  grid  valves 
on  admission  and  exhaust  sides,  either  cylinder  can  be  arranged  as  a 
simple  engine,  and  by  blocking  either  of  the  Meyer  plates  the  engine 
can  be  made  single-acting.  In  any  of  its  varied  adjustments  the 
engine  is  as  nearly  as  possible  an  ordinary  commercial  engine, 
cleai-ance  volumes  and  contact  surfaces  being  kept  as  small  as 
possible.  The  clearance  volumes  for  the  high-pressure  cylinder  are 
0*025  of  a  cubic  foot  at  the  front,  and  0'033  at  the  back;  and  for 
the  low-pressure  cylinder  0'053  of  a  cubic  foot  at  the  front,  and 
0-056  at  the  back. 

On  the  trials  here  recorded  the  low-pressure  cylinder  was  not  in 
use,  the  engine  being  run  as  a  single-cylinder  engine  exhausting 
into  a  condenser,  with  the  vacuum  reduced  to  2  to  3  inches  of 
mercury.  In  this  way  the  back  pressure  in  the  cylinder  was  kept 
constantly  at  atmospheric  pressure. 

The  volume  swept  through  by  the  high-pressure  piston  is  0*269 
of  a  cubic  foot  at  the  back  end,  and  0  •  254  at  the  front,  after  deducting 
the  volume  of  the  l^inch  diameter  piston-rod.  The  clearance  space 
is  therefore  12*4  per  cent,  of  the  cylinder  volume  at  the  back,  and 
9  *  8  per  cent,  at  the  front  end. 

The  flywheel  is  5  feet  in  diameter  and  water-cooled.  To  ensure 
steady  running  at  slow  speeds,  a  second  flywheel,  7  feet  in  diameter, 
was  provided  and  fitted  in  halves,  so  that  at  speeds  above  100 
revolutions  it  could  be  readily  removed.  But  after  the  preliminary 
trials  the  larger  flywheel  was  found  unnecessary  and  was  removed, 
as,  within  the  range  of  speeds  required,  the  engine  ran  perfectly 
steadily  without  it. 
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Boiler,  Condenser,  etc. — The  boiler  available  was  a  Davey-Paxman 
semi-portable  locomotive  working  up  to  150  lbs.  pressure  per  square 
inch,  and  capable  of  evaporating  about  1,000  lbs.  of  water  per 
hour.  The  condenser  is  a  cylindrical  copper  condenser  with  50 
square  feet  of  cooling  surface,  the  tubes  being  externally  cooled.  It 
was  kindly  presented  by  Messrs.  J.  I.  Thornycroft  and  Co.  and 
the  trustees  of  the  late  Mr.  Donaldson,  the  Worthington  feed-  and 
air-pumps  being  presented  by  the  Worthington  Pumping  Engine  Co., 
and  the  steam  traps  by  Messrs.  Geipel  and  Lange,  and  the  Lancaster 
Trap  Co. 

Scheme  of  Experiments. — The  Committee  decided  that  the  first 
series  of  trials  should  be  made  with  the  engine  arranged  as  a  single- 
cylinder  high-pressure  engine,  non-condensing  jacketed,  the  second 
series  being  a  repetition  of  the  first  series  but  without  jackets. 
After  a  careful  study  of  previous  experiments,  it  was  further 
determined  that  the  variables  should  be  temperature  and  speed, 
cut-oif  and  all  other  coaditions  being  kept  constant.  Temperatures 
of  245°  F.,  280^  F.,  315°  F.,  and  360°  F.,  were  chosen,  so  as  to  give 
equal  intervals  between  successive  trials  of  the  series.  These 
temperatures  correspond  to  about  27,  49,  84,  and  135  lbs.  per  square 
inch  absolute  respectively  at  the  engine  steam-chest.  The  chosen 
speeds  were  50,  100,  150,  200,  and  250  revolutions  per  minute, 
corresponding  to  piston  speeds  of  about  117,  234,  350,  467,  and  584 
feet  per  minute  respectively.  For  reasons  given  below,  it  was  not 
found  possible  to  adhere  absolutely  to  these  speeds  and  temperatures. 

Preliminary  Trials. — A  large  number  of  preliminary  trials  were 
made  to  determine  the  best  cut-off",  exact  speeds,  and  temperatures, 
which  could  be  accomplished  with  the  plant,  and  to  find  the  best 
methods  of  adjusting  and  working  the  measm'ing  apparatus,  etc.  It 
was  found  that  it  was  impossible  to  extend  the  range  of  speeds  to  the 
lowest  limit  of  the  engine,  namely,  25  revolutions  per  minute, 
without  interfering  with  the  upper  limit,  and  it  was  likewise  found 
that  at  the  lowest  temperature  and  pressure  the  auxiliary  pumps 
could  not  be  worked.     At  the  upper  limit  of  pressure   and  lower 
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limit  of  speed,  and  at  the  lower  limit  of  pressure  and  upper  limit  of 
speed,  trouble  was  found  in  keeping  the  conditions  quite  steady. 
After  numerous  attempts,  it  was  finally  found  necessary  to  work  the 
boiler  at  a  slightly  higher  pressure  than  that  actually  required,  and 
to  get  the  exact  and  steady  temperature  in  the  steam-chest  by  slight 
throttling  at  the  engine  stop-valve. 

At  the  lowest  temperature  of  the  series  and  in  one  or  two  other 
cases  this  throttling  was  sufficient  to  cause  superheating,  to  which 
further  reference  will  be  found  below.  The  cut-off  which  was 
required  to  obtain  the  largest  range  was  found  to  be  three-eighths  of 
the  stroke,  and  this  was  adhered  to  throughout  both  series. 

Arrangement  of  Plant. — The  arrangement  of  the  jilant  is  shown 
diagrammatically  in  Fig.  1.  Steam  is  supplied  to  the  engine  from 
the  boiler  above  described  through  a  steam  pipe  of  3  inches  internal 
diameter.  The  total  distance  between  the  flange  of  the  main  stop- 
valve  on  the  boiler  and  that  on  the  engine  was  47  feet.  The  whole 
of  the  pipe  including  all  flanges  is  lagged  for  half  its  length  with 
Leroy's  covering  1|  inches  thick  and  the  remainder  with  magnesia 
1^  inches  thick.  The  pipe  is  sloped  downwards  from  the  boiler 
towards  the  engine,  so  that  any  moisture  may  be  deposited  and 
carried  in  the  same  direction  as  the  steam.  A  0  bend  is  inserted 
between  the  end  of  the  pipe  and  the  engine  stop-valve,  and  one  arm 
of  the  n  is  continued  downwards  beyond  the  junction  with  the 
steam-pipe,  so  as  to  form  a  collecting  chamber  for  any  moisture 
which  is  travelling  along  the  pipe. 

A  gauge-glass  is  inserted  in  this  separator,  and  a  drain  cock  at 
the  bottom  opens  communication  with  a  steam  trap,  or  with  a 
measuring  vessel.  After  experiment  it  was  found  most  satisfactory  to 
pass  the  discharge  from  the  separator  through  a  coil  of  pipe  placed 
in  a  cooling  bucket,  so  as  to  prevent  the  escape  of  vapour  and  ensure 
the  whole  of  the  moisture  being  measured.  It  was  thus  possible  to 
measure  with  extreme  accuracy  any  accumulation  of  water  in  the 
separator,  and  no  trial  in  which  this  was  above  2i  per  cent,  of  the 
whole  steam  discharged  from  the  engine  was  accepted  as  satisfactory. 
Beyond  the  fl  bend  a  Avire-drawing  calorimeter  was  inserted,  and  a 
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secondary  measurement  made  at  this  point  so  as  to  check  the 
readings  of  the  separator.  Arrangements  were  at  first  made  to  put 
a  heating  coil  under  the  steam-pipe,  so  as  to  ensure  dry  steam 
being  supplied,  but  the  measurements  made  with  the  separator  and 
the  calorimeter  showed  that  the  steam  supply  from  the  boiler  was  so 
uniform  that  the  heating  coil  was  unnecessary. 

Fig.  1. 
Diagram  showing  General  Arrangement  of  Experimental  Plant,  King's  College. 
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Exhaust. — The  trials  being  non-condensing,  the  air-cock  on  the 
condenser  was  opened  so  as  to  admit  air  and  reduce  the  vacuum  to  the 
required  extent.  The  discharge  from  the  condenser  was  measured  in 
a  tank  placed  on  a  platform  weighing  machine,  and  records  were  taken 
every  five  minutes.     Experiments  were  frequently  made  to  determine 
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any  leakage  in  the  condenser,  and  after  the  tubes  had  been  specially 
packed  no  difficulty  was  experienced  in  keeping  the  condenser  tight. 
The  pressures  were  measured  by  Bourdon  gauges  inserted  one  at 
the  back  of  the  main  stop-valve  and  one  on  the  steam-chest, 
and  by  a  mercury  gauge  placed  upon  the  condenser.  All  steam- 
gauges  used  were  calibrated  at  intervals  under  steam  on  the  mercury 
column  in  the  laboratory,  and  the  readings  given  in  the  Tables  are 
the  corrected  readings  after  allowing  for  the  errors  so  found. 

Thermometers  were  placed  in  the  steam-pipe  and  in  the  condensed 
water,  and  these  were  also  calibrated  in  the  laboratory.  The  indicator 
gear  was  attached  as  shown  in  Fig,  1  (page  175),  the  cylinders 
being  positively  driven,  without  the  intervention  of  a  spring,  by  steel 
juano  wire  passing  round  a  drum  on  a  rocking  shaft.  An  indicator 
was  placed  on  each  end  of  the  cylinder,  and  the  connecting-pipe  was 
made  as  short  as  possible.  The  indicator  springs  used  were  all 
calibrated  under  steam  on  the  mercury  column,  and  the  indicated 
horse-powers  have  been  worked  out  to  the  corrected  scale  of  the 
springs  used.  All  the  diagrams  were  taken  with  soft  lead  pencil 
upon  glazed  paper  so  as  to  reduce  as  far  as  possible  friction  on  the 
pencil  point.  Throughout  the  trials  the  low-pressure  piston-rod 
was  uncoupled,  so  that  the  high-pressure  engine  ran  entirely 
independently  without  having  to  drive  the  low-pressure  piston. 
The  brake  gear  consisted  of  a  rope  wrapped  completely  round  the 
water-cooled  flywheel,  the  fall  being  attached  to  a  spring  balance 
which  was  frequently  calibrated  during  the  experiments  by  standard 
weights.  The  brake  was  lubricated  by  paraffin  oil  applied  between 
the  observations  as  uniformly  as  possible.  Speed  and  not  H.P.  being 
fundamental,  at  each  pressure  the  load  and  the  lubrication  were 
adjusted  so  as  to  keep  the  speed  as  nearly  constant  as  possible.  The 
revolutions  per  minute  were  recorded  by  a  positive  counter  and 
checked  at  intervals. 

Method  of  Conducting  the  Trials. — Observers  were  placed  at  the 
boiler  gauge,  the  engine  gauges,  the  separator  and  calorimeter,  at 
the  indicator,  at  the  brake,  at  the  condenser,  and  at  the  condensed- 
water  tank,  so  that  observations  of  the  readings  of  all  the  instruments 
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could  be  taken  at  frequent  intervals.  Steam  was  raised  in  the  boiler 
to  the  required  pressui'e,  and  the  engine  having  been  started  and  run 
for  some  time  until  it  was  running  steadily  under  the  required 
conditions  of  speed  and  steam  pressure,  the  trial  was  commenced  and 
observations  were  taken  every  five  minutes  for  half-an-hour.  If  the 
conditions  varied  during  the  run  to  any  considerable  extent  the  trial 
was  continued  until  a  steady  run  of  twenty  minutes  to  half-an-hour 
was  obtained.  If  the  trial  then  seemed  generally  satisfactory,  the 
conditions  were  altered  and  a  further  trial  was  run. 

It  was  not  found  possible  to  carry  oixt  more  than  about  two  trials 
on  any  day,  owing  to  the  demands  upon  the  staff  at  King's  College, 
and  the  large  number  of  students  who  had  to  be  dealt  with  in  the 
laboratory.  For  the  same  reason  the  trials  could  not  be  conducted 
from  day  to  day,  but  intervals  of  a  week  and  more  had  often  to 
elapse  between  consecutive  trials.  If  on  working  out  any  trial  any 
of  the  conditions  or  observations  were  found  to  vary  beyond  defined 
limits,  the  trial  was  rejected  and  repeated.  In  most  cases  the  trials 
were  divided  into  two,  so  that  a  careful  comparison  of  the  duplicate 
results  could  be  made.  Any  trial  which  did  not  show  uniformity 
throughout  and  accord  well  with  the  requii'ed  conditions  was  not 
accepted. 

Over  100  trials  have  thus  been  carried  out  and,  of  these,  38  have 
been  selected  as  most  closely  satisfying  the  conditions  laid  down. 
Detailed  observations  and  calculated  results  of  these  38  finally 
selected  ti-ials  are  given  in  the  appended  Tables  13  and  14  (pages 
252  to  255). 

Explanation  of  Tables. — The  capital  letters  A,  B,  C,  and  D, 
have  been  chosen  to  denote  the  four  series  of  trials  at  different 
steam  temperatui'es. 

A  denotes  the  series  at  2i5^  F. 

B  „  „  2S0°F. 

C  „  „  315°  F. 

D  ,.  „  350°  F. 

The  suffix  attached  to  each  capital  letter  denotes  the  speed  at 
which  each  trial  of  a  series  was  carried  out. 
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The  Suffix  1  corresponds  to   50  revolutions. 

2  „  100 

3  „  150 

4  „  200 

„  5  „  250         „ 

Eacli  unjacketed  series  is  denoted  by  tlie  same  letter  and  suffix  as 
the  corresponding  jacketed  series,  the  letter  being  repeated  in  the 
unjacketed  series  for  distinction, 

Aj  therefore  means  a  trial  at  245°  F.  50  revolutions,  jacketed. 
AA,        „  „  215°  F.  „  unjacketed. 

and  so  on  for  the  whole  series. 

Fig.  2. 

Specimen  Indicator  Diagrams. 

Trial  D2  (Jacketed  ;  100  Revolutions  per  minute  ;  150  lbs.  Pressure.) 


Trial  A5  (Jacketed  ;  250  Revolutions  per  minute ;  35  lbs.  Pressure.) 

I 


A. .    _  I 

i 


•I  ;  


v-t 


'-'■ A 


Method  of  working  out  Results. — From  the  whole  of  the  diagrams 
taken  on  each  trial  a  mean  card  has  been  constructed,  and  upon  the 
mean  diagram  all  calculations  have  been  based.  The  diagrams  were 
in  most  cases  remarkably  uniform,  so  that  a  card  upon  which  the 
pencil  had  been  allowed  to  trace  a  continuous  diagram  for  half-a- 
minute  shows  hardly  any  measurable  variation  from  a  single  card. 
Half-minute  diagrams  were  thus  taken  in  all  cases  so  as  to  guide  in 
the  construction  of  the  mean  diagram.  Copies  of  the  actual  diagrams 
and  of  mean  calculated  diagrams  are  shown  on  Fig.  2  and  Figs.  3  to 
12  (pages  180  to  189). 
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A  few  of  the  diagrams  show  negative  areas,  but  these  are 
confined  to  diagrams  obtained  on  the  lowest  speed  trials  of  the 
jacketed  series.  They  do  not  occur  with  the  unjacketed  series,  as, 
with  jackets  on,  initial  condensation  is  less,  and  the  dryness-fraction 
at  release  is  greater  than  without  jackets.  Less  weight  of  steam  is 
taken  into  the  cylinders,  and  the  release  pressure  is  therefore  lower 
than  for  the  corresponding  unjacketed  trial.  At  the  lowest  speeds 
and  pressure  therefore  the  release  pressure  is  atmospheric,  and  in  one 
or  two  instances  lower  than  atmospheric  pressure.  The  negative 
area  is  so  small  as  not  to  destroy  the  value  of  the  trials  and  they 
have  been  included  in  the  selected  series.* 

Saturation  Curve. — From  the  condensed  water  measured  from  the 
exhaust  a  saturation  curve  has  been  plotted  on  each  mean  diagram 
representing  the  volume  of  the  mean  steam  passing  into  the  exhaust 
per  stroke  plus  clearance  steam.  It  has  hitherto  been  usual  to  assume 
that  this  measured  exhaust  steam  has  actually  passed  through  the 
cylinder,  and  that  the  difference  between  the  expansion  curve  of  the 
diagram  and  the  saturation  curve  for  the  exhaust  steam  thus  plotted 
represents  condensation  in  the  cylinder ;  but  it  is  evident  that  any  steam 
leaking  through  the  slide-valve  or  piston  to  the  exhaust  will  not  be 
shown  on  the  expansion  ciirve  of  the  indicator  diagram,  and  that  any 
other  leakage  through  either  piston  or  slide-valve  will  affect  the 

(^Continued  on  page  190.) 

*  The  errors  due  to  backlash  and  friction  on  an  indicator  pencil  occur  in 
opposite  senses  on  the  upward  and  downward  stroke.  When  there  is  a  negative 
area  on  an  indicator  diagram  and  the  exhaust  line  cuts  the  expansion  curve  at 
any  considerable  distance  from  the  end  of  the  stroke,  a  small  difference  in  the 
pressure  at  which  this  intersection  occurs  will  make  a  large  difference  in  the 
relative  magnitudes  of  the  positive  and  negative  areas. 

In  such  a  case  backlash  and  pencil  friction  will  make  the  expansion  curve  too 
high  and  the  exhaust  line  too  low,  so  that  these  errors  will  have  a  double  effect 
in  falsifying  the  point  of  intersection.  The  resulting  error  in  the  nett  area  of 
the  diagram  is  therefore  out  of  aU  proportion  to  the  corresponding  error  on  a 
diagram  where  exhaust  and  expansion  do  not  cut.  In  the  present  case  the 
negative  is  so  small  a  percentage  of  the  whole  area  that  the  errors  fall  within 
the  limits  of  accuracy  obtainable  with  the  remainder  of  the  results. 
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diagram  so  as  to  modify   conclusions   drawn  without    taking   such 
leakage  into  account. 

Messrs.  Callendar  and  Nicolson*  in  their  extremely  suggestive 
Paper  have  shown  that  such  leakage  may  be  considerable,  and  in 
the  present  trials  an  attempt  has  been  made  to  measure,  analyse,  and 
allow  for  the  various  leakages  which  occur.  This  analysis  confirms 
the  conclusions  at  which  they  arrived,  that  without  such  allowance  no 
correct  determination  can  be  made  of  the  relative  weight  of  steam 
and  moisture  present  in  the  cylinder. 

Thermal  Units  used  per  H.P.  Minute. — To  calculate  the  thermal 
units  per  II. P.  consumed  by  the  engine,  it  has  been  assumed  that  the 
heat  supplied  to  the  engine  is  the  difference  between  the  heat  units 
in  the  steam  at  the  steam-chest  pressure  and  temperature  selected  and 
the  heat  units  in  the  condensed  water.  This  is  the  same  as  assuming 
that  the  boiler  and  connections  are  outside  the  engine,  and  the  losses 
in  these  external  to  it.  The  heat  units  calculated  on  this  basis  are 
given  in  cols.  19,  20  and  21,  Table  13  (page  253)  ;  and  col.  18, 
Table  14  (page  255). 

In  several  trials,  as  already  noted,  the  steam-valve  was  set  so  as 
to  produce  throttling  and  slight  superheating  at  admission.  The 
moisture  in  the  steam  entering  the  stop-valve  was  less  than  2  per 
cent.,  and  under  these  conditions  the  superheating  cannot  in  any  case 
have  been  greater  than  4^  F.  In  calculating  the  thermal  units 
supplied  to  the  engine  the  superheating  calculated  on  this  basis  has 
in  every  case  been  taken  into  account. 

Standard  of  Comparison. — The  standard  of  comparison  taken  in 
the  Eankine  engine  working  between  the  extreme  limits  of 
temperature.  The  upper  temperature  for  the  standard  Eankine 
engine  has  been  taken  as  the  temperature  corresponding  to  the 
pressure  in  the  steam-pipe  on  the  boiler  side,  but  close  to  the  engine 
stop-valve. 

The  British  thermal  units  required  by  a  Eankine  engine  working 
between  the  above  limits  is  given  in  col.  23,  Table  13  ;  and  col.  19, 


*  The  Proceedings,  Institution  of  Civil  Engineers,  1897-8,  vol.  cxxxi,  page  147. 
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Table  14.  The  efficiency  ratio  or  the  ratio  between  the  heat 
required  by  the  Eankine  engine  and  the  heat  required  by  the 
experimental  engine  has  been  calculated  and  is  given  in  cols.  25  and 
26,  Table  13  ;  and  col.  21,  Table  14. 

For  comparison  with  other  records  in  which  a  Carnot  engine  has 
been  taken  as  the  standard  of  comparison,  the  heat  units  required 
per  H.P.  minute  for  a  Carnot  engine  working  between  the  same 
limits  of  temperature  as  the  Eankine  engine  has  been  given  in 
col.  24,  Table  13  ;  and  col.  20,  Table  14,  and  the  efficiency  ratio  of 
the  experimental  engine  to  the  Carnot  engine  is  given  in  col.  27, 
Table  13  ;  and  col.  22,  Table  14. 

For  each  trial  a  temperature  entropy  diagi-am  has  been 
constructed,  and  the  entropy  diagrams  for  each  temperature  series 
and  each  speed  series  are  shown  superimposed  upon  one  another  m 
Figs.  13  to  30  (pages  192  to  207)  so  that  a  direct  comparison  can  be 
made  of  the  thermal  units  required  at  constant  temperature  and  at 
constant  speed  and  at  each  temperature  and  at  each  speed. 

Leakage  tliroiujh  Slide-valve.— There  are  two  obvious  methods  of 
experimentally  determining  the  leakage  through  the  slide-valve. 
Either  a  special  valve  can  be  used  with  sufficient  lap  to  cover  the 
steam-port  throughout  the  valve  stroke  or  the  steam-ports  themselves 
can  be  blocked.  In  either  case  the  leakage  will  be  determined  by 
admitting  steam  to  the  slide-chest,  driving  the  engine  by  external 
power  and  measuring  the  steam  escaping  into  the  exhaust. 

The  first  method  involves  a  special  slide-chest,  and  the  steam- 
ports  being  open  the  leaking  steam  will  emerge  partly  through  the 
exhaust  and  partly  through  the  cylinder.  Errors  will  consequently 
result  in  the  measurement  of  the  leak  owing  to  the  large  areas 
on  which  unmeasured  condensed  steam  will  be  deposited. 
Moreover,  if  the  leakage  in  the  case  of  flat  plates  sliding  on  one 
another  is  affected  by  the  width  of  surface  in  contact,  the  additional 
overlap  of  the  special  valve  will  affect  the  leakage  and  vitiate 
the    comparison   of    the    experimental    results    with    the    leakage 

(^Continued  on  page  208.) 
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Fig.  U. 
Temperature  Entropy  Diagrams. 
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Fig.  18. 
Temperature  Entropy  Diagrams. 
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Fig.  19. 
Temperature  Entropy  Diagrams. 
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Fig.  21. 
Temperature  Entropy  Diagrams. 
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Fig.  22. 
Temperature  Entropy  Diagrams. 
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Fig.  23. 
Temperature  Entropy  Diagrams. 
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Fig.  24. 
Temperature  Entropy  Diagrams. 
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Fig.  25. 
Temperature  Entropy  Diagrams. 
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Fig.  27. 
Temperature  Entropy  Diagrams 
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Fig.  28. 
Temperature  Entropy  Diagrams 
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Fig.  30. 
Temperature  Entropy  Diagrams. 
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which  obtains  during  the  actual  running  of  the  engine  under  steam. 
Further,  in  actual  working  the  steam-ports  will,  during  admission 
and  expansion,  be  full  of  steam  at  varying  pressure,  and  leakage  from 
the  cylinder  iuto  the  exhaust  past  the  exhaust  lap  of  the  valve  will 
take  place  in  addition  to  the  direct  leak  from  the  steam-chest  to 
exhaust,  while  under  experimental  conditions  with  the  special  valve 
the  cylinder  will  be  alsvays  approximately  at  atmospheric  pressure, 
so  that  leakage  into  the  cylinder  through  the  ports  will  be  greater 
than  under  working  conditions. 

By  the  second  method,  namely,  blocking  the   steam-ports   and 
running  with  the  normal  working  valve,  the   diflferences   between 

Fig.  31. 

Four  upper  views  xhow  hij  arrows  Lealcage  under  Working  Conditions. 
„      lower      „        „      ,,        „  ,>  ,,       Test  „ 

Admission, 
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Compression . 


ExfiausL 


/ 


experimental  and  working  conditions  are  either  eliminated  or  greatly 
reduced.  Certain  points  of  difference,  however,  will  still  remain, 
and  the  diagrams.  Fig.  31,  will  help  to  explain  these. 

I.  During  admission  under  worlcing  conditions  the  flow  of  steam 
into  the  cylinder  will  to  a  certain  extent  check  the  tendency  to  leak 
from  the  steam-port  past  the  valve  into  the  exhaust. 

TT7//i  the  hloclced  ports  there  will  be  no  such  check,  and  the 
leakage  into  the  exhaust  will  therefore  be  slightly  greater  than 
under  working  conditions. 

II.  During  expansion  and  also  during  compression  under  working 
conditions  there  will  be  leakage  from  the  steam-chest  past  the  lap  into 
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the  cylinder  and  from  the  cylinder  past  the  valve  into  the  exhaust. 
The  amount  of  leakage  into  exhaust  will  therefore  depend  upon 
the  difference  between  the  expansion  or  compression  pressure  and 
the  exhaust  pressure. 

With  blocked  ports  there  will  be  leakage  past  the  lap  into  the 
clearance  over  the  stop  in  the  ports,  and  from  that  clearance,  which  will 
rapidly  fill  with  steam  at  or  about  steam-chest  pressure,  to  the  exhaust. 

The  leakage  into  exhaust  will  therefore  depend  upon  the  difference 
between  the  steam-chest  and  the  exhaust  pressures,  modified  by  the 
small  amount  of  expansion  which  takes  place  in  the  clearances  over 
the  blocked  ports.  The  leakage  to  the  exhaust  will  therefore  be 
greater  with  blocked  ports  than  under  working  conditions. 

Messrs.  Callendar  and  Nicolson  have  pointed  out  that  the 
leakage  past  the  valve  is  most  probably  in  the  form  of  moisture 
condensed  on  the  valve-face  and  re-evaporated,  rather  than  a  direct 
leakage  of  steam,  and  it  will  be  seen  that  the  leakage  experiments 
detailed  below  confirm  this  conclusion.  But  this  being  the  case,  it 
is  important  to  note  that  to  imitate  working  conditions  the  cylinder 
walls,  slide-face,  and  surrounding  metal  should  be  kept  as  near  to 
the  working  conditions  of  temperature  as  possible.  As  the  cylinder 
with  blocked  ports  will  not,  as  in  working,  be  kept  warm  by  the 
admission  of  steam  at  every  stroke,  the  leakage  found  with  both 
barrel  and  ends  of  cylinder  jacketed  has  been  accepted  as  the 
nearest  approximation  to  the  leakage  taking  place  both  in  the 
jacketed  and  unjacketed  series  of  trials. 

The  leakage  trials  described  in  the  present  Eeport  were  made  on 
the  high-pressure  cylinder  with  the  ordinary  valve  and  with  blocked 
ports,  the  engine  being  driven  at  the  several  trial  speeds  by  external 
power  and  steam  of  the  several  trial  pressures  admitted  to  the 
steam-chest. 

In  blocking  the  steam-ports  considerable  difficulty  was  at  first 
experienced,  and  numerous  devices  were  tried  before  a  steam-tight 
joint  was  obtained.  1  he  method  ultimately  adopted  was  to  scrape  a 
metal  fitting  piece  flanged  at  each  end  to  an  absolutely  tight  fit  in 
the  ports,  and  then  to  screw  this  block  down  with  a  red-lead  joint 
into  recesses  cut  in  the  slide-face  at  each  end  of  the  port.  This  was 
found  to  give  a  tight  joint. 
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(Tahle  1  continued  in  Table  2.) 
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The  exhaust  was  connected  to  a  condensing  coil,  so  that  all 
leakage  into  the  exhaust  could  be  measured  with  great  accuracy. 
This  arrangement  was  found  to  act  admirably,  but  it  was  impossible 
to  adjust  this  coil  with  such  nicety  as  to  prevent  the  escape  of  steam 
and  at  the  same  time  to  prevent  some  accumulation  of  pressure  in 
the  short  exhaust  branch.  This  back -pressure  has  been  in  every 
case  recorded  in  Tables  1  and  2  (pages  210  and  211),  which  give  the 
mean  results  for  a  number  of  concordant  experiments  measured  xinder 
varying  conditions. 

Fig.  32. 

Curces  plotted  from  Values  of  Table  2,  showing  Slide-Valve  Leakage 

xarying  toith  Pressure. 
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The  mean  values  of  the  last  three  columns  of  Table  2  (page  211) 
have  been  plotted  on  Fig.  32,  and  have  been  used  for  the  corrections 
for  leakage  which  follow. 

Effect  of  Warvi  and  Cold  Cylinder. — On  analysing  these  results  it 
will  be  seen  that,  under  given  conditions,  the  leakage  when  the  barrel 
of  the  cvlinder  was  warmed  by  the  jacket  was  considerably  less  than 
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vfhen  it  was  cold.  From  what  has  previously  been  said,  the  proper 
correction  to  employ  will  be  that  obtained  with  the  cylinder 
ends  and  barrel  warmed. 

Effect  of  Lubrication  on  Leakage. — In  all  except  the  50-revolution 
trials  there  is  a  distinct  reduction  in  leakage  when  the  sliding 
surfaces  are  well  lubricated,  over  the  corresponding  leakage  with 
scant  lubrication.  This  effect  is  not  however  so  constant  or  so  large 
as  to  warrant  any  definite  quantitative  analysis  of  the  results.  It  is 
of  course  difScult  to  ensure  uniformity  in  the  lubrication  of  the 
surfaces,  and  the  discrepancies  are  no  doubt  largely  due  to  breaks  in 
continuity  of  the  oil  film.  The  cases  in  which  such  a  reduction  was 
observed  were  however  so  numerous  in  individual  trials  as  to 
definitely  prove  that,  where  the  oil  film  is  uniform  and  continuous, 
leakage  is  appreciably  reduced.  The  curves  on  Fig.  32  show  this 
clearly,  although  the  reduction  diminishes  with  increase  of  pressure. 
It  is  interesting  to  note  on  the  curve  for  the  well-lubricated  jacketed 
trials  that,  where  in  one  instance  the  lubrication  failed,  the  leakage 
at  once  runs  into  and  above  the  curve  for  scant  lubrication. 

Lffect  of  Pressure  on  Leakage. — The  leakage,  as  would  be 
anticipated,  rises  with  an  increase  of  pressure  between  steam-chest 
and  exhaust.  Where  the  valve  is  stationary  in  mid  position,  the 
leakage  increases  approximately  as  the  pressure.  "Where  the 
engine  is  running,  however,  the  leakage  does  not  increase  so 
rapidly  as  the  pressure,  and  the  higher  the  speed  the  larger  does 
this  divergence  become.  It  is  evident  that  this  bears  a  striking 
resemblance  to  the  laws  governing  condensation  and  re- evaporation 
on  the  cylinder  walls  of  steam-engines,  and  when  the  amount  of  tho 
leakage  and  its  reduction  by  jacketing  is  considered  the  conclusion 
arrived  at  by  Messrs.  Callendar  and  Nicolson  is  irresistible,  that 
much  of  the  leakage  must  be  in  the  form  of  moisture  condensed  on 
the  valve  face  and  re-evaporated  as  it  passes  over  into  the  exhaust. 

Effect  of  Wire-Drawing  on  Leakage. — As  bearing  upon  tho 
above  point,  experiments  were  made  to  determine  what  effect  wire- 
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drawing,  and  therefore  superheating  the  steam  previously  to  its 
entering  the  steam-chest,  has  upon  leakage.  The  following  Table  3 
shows  the  results  obtained : — 

TABLE  3. 

Table  sJioicing  the  Effect  upon  Leakage  through  SUde-Valve  of  loirC' 

drawing  Steam  at  the  Inlet-Valve,     Lubrication  on 

Steam-Cliest  flowing  freely.     All  jackets  on. 


1  Pressure,  Lbs.  per  sq.  in.  absolute. 

s 
o 

s 

S-i 

o 

o 
^° 

o 

^x  X 

1 

Condition  of       1    ?  "S 
Trial.               C  p 

u 

Steam-Chest. 

Diflferences. 

CO 

a 

d 

.a 

S  « 

1.1 
X  2 

x-S 

Engine    standing.  |l 
valve     in    mid[    59 -25  58-25 
position ,     .      . ) 

Lbs. 
17           1 

41-25 

15-9 

— 

Engine    standing.  1              1 
valve     in    mid  -  129-75' 02-25 
position .      .      . )              ' 

17          G7-5 

45-25 

12-G 

lo-9 

1 

Engine     running V  „,.„. 
at  50  revs.  .     ./   ^1  ^» 

i 
59-75  1 19 

1 

1 

1-5 

40-75 

28-9 

— 

Engine      running)  ,q.t        ci 
at  50  revs.  .     !/ ^^^        ^^ 

1 

17-75'  G9 

45-25 

20-4 

20-*  =  0-7 
28-9 

There  is  therefore   a  reduction   of  about  25   per   cent,  in  the 
leakage,  if  wire-drawing  to  the  above  extent  be  resorted  to. 

Effect  of   Speed  vpon   Leakage. — At    the    same     pressure    and 
under   the   same   conditions   of  lubrication  and  jacketing,   leakage 
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dirainislies  witli  increased  speed  of  sliding.  There  is  considerably 
less  leakage  when  the  engine  and  therefore  the  valve  is  stationary 
in  mid  position,  but  when  the  valve  is  moving  there  is  appreciably 
less  total  leakage  per  hour  when  the  engine  is  making  250  over 
the  leakage  at  50  double-strokes  per  minute.  The  leakage  is 
consistently  less  at  the  high  speeds  than  at  the  low  where  the 
cylinder  walls  are  jacketed  and  the  surfaces  lubricated.  This 
may  partly  be  due  to  a  more  perfect  spreading  of  the  oil  film  at  the 
higher  speeds,  or  it  may  be  due  to  the  reduced  time  allowed  for 
condensation  and  re-evaporation,  or  to  a  combination  of  the  two. 
This  clearly  demonstrates  that  leakage  was  not  in  the  present 
instance  produced  by  the  lifting  of  the  valve  in  working,  but  by  a 
more  or  less  steady  flow  of  moisture  or  steam  between  the  valve 
and  slide-face.  The  persistent  and  considerable  difference  between 
the  leakage,  when  the  engine  is  still  with  the  valve  in  mid  position 
and  when  it  is  running,  points  strongly  to  the  conclusion  that 
the  amount  of  overlap  and  its  variation  has  an  important  effect 
upon  the  leakage. 

To  elucidate  this  point,  a  series  of  leakage  measurements  were 
made  with  the  engine  standing  at  nine  different  positions  of  the 
crank,  corresponding  to  nine  successive  positions  of  the  valve  during 
a  revolution,  the  ports  being  blocked  as  before.  The  folloAving 
Table  4  (page  216)  gives  the  results  of  these  measurements.  They 
were  made  at  the  highest  pressure  of  the  boiler. 

It  is  interesting  to  note  that  the  mean  value  of  the  leakage  at 
the  nine  positions  is  45*95  lbs.  per  hour  as  compared  with  45  lbs., 
the  value  obtained  when  running  at  50  revolutions;  also  that  at 
mid-position  the  mean  of  the  two  measurements  is  36 -9  lbs.  per 
hour  or  practically  the  same  as  the  mean  of  the  values  previously 
found. 

Further,  the  variations  in  leakage  occur  with  corresponding 
variations  in  the  combined  overlap  at  the  two  ends  of  the  valve, 
the  variations  being  very  closely  in  the  inverse  ratio  to  the  overlap. 
The  following  illustrations  help  to  make  this  clear.  Fig.  33 
(page  217). 
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Analysh  of  Leakage  and  MetJwd  ofapphjing  Correction. — Assuming 
with  Messrs.  Callendar  and  Nicolson  that  the  leakage  varies  as  the 
perimeter  round  which  escape  from  a  higher  to  a  lower  pressure  can 
take  place,  and  to  the  difference  of  pressure,  and  inversely  as  the 

TABLE  4. 

Leakage  past  Slide-Valce,  Engine  standing  at  different 

Valve-Positions. 


Position  of  Valve. 

Steam 

pipe 
before 

inlet. 

Lbs.  per 

eq.  in. 

Pressures 
absolute. 

Difference 
Chest 
minus 

Exhaust. 

Lbs.  per 
sq.  in. 

Leakage. 

Lbs.  per 
hour. 

Steam- 
chest. 
Lbs.  per 
sq.  in. 

1 

Exhaust. 

Lbs.  per 

sq.  in. 

Mid  position 

1 

151 

146 

20-1 

125-9 

37-8 

ith  forward  stroke  ofl 
valve — crank  at  45°  j 

2 

150-5 

145-5 

22 

128-5 

46-8 

Front  end  full  open  to) 
steam  —  crank     60°  > 
end  of  valve  stroke  . ) 

3 

150 

144 

23-2 

120-8 

47-6 

Expansion  valve  at  cut) 
off— crank  'J0°         .  / 

4 

151-5 

145-75 

21-25 

124-5 

56-4 

DuriuKexpansiou  (front) 
end)— crank  at  120°/ 

5 

151 

145-25 

20 

125-25 

46-8 

Valve  in  mid  position) 
—crank  180°           .  / 

6 

154 

148-5 

20 

128-5 

36 

Back  end  full  open—) 
crank  240°      .         . j 

7 

152 

14G 

21 

125 

44 

End  of   valve    stroke.) 
expansion  valve    at[ 
cut  off— crank  270°  j 

S 

151-25 

144-5 

21-75 

122-75 

52-8 

Duringexpansion(back) 
end)— crank  300°    ./ 

9 

152 

146 

19 

127 

43-3 

overlap  of  the  valve  over  the  ports,  the  measurement  of  the  actual 
leakage  under  given  conditions  will  enable  the  factor  to  be 
determined,  by  which  that  ratio  must  be  multiplied  to  obtain  the 
mean  rate  of  leakage  at  any  pressure.  The  present  experiments  show 
that  the  factor  so  found  is  not  a  constant. 
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The  leakage  is  not  directly  proportional  to  the  pressure  for  all 
speeds,  and  there  is  reason  to  doubt  whether  it  is  exactly  inversely 
proportional  to  the  overlap.  But  these  assumptions  are  sufficiently 
accurate,  if  suitable  values  of  the  factor  are  introduced,  to  enable  an 
approximate  correction  for  leakage  to  be  made  by  their  aid. 

Tbe  total  leakage  found  with  jacketed  and  lubricated  surfaces 
and  given  in  the  latter  columns  of  Table  2  (page  211)  is,  as  already 
pointed  out,  larger  than  the  leakage  actually  taking  place  in  the 


Fig.  33. 


Diagrams  ehoicing  posilion  of  Main  and  Expansion  Slide-Valves  at  nine  points 
of  StroJce,  referred  to  in  Table  4. 


Mid  Position   1. 

and  nhen  Expansion,  Vahe  reversed 

this  represents  Position,  6  cdso. 


Position   Z. 


^^ 


JI^...  .      .. 


Position,  4: 


-^^m 


'//////)•  Vyi 


Posit  T  en  7. 


Position,  8. 


^^m-. 


position  9. 


engine  under  working  conditions.  By  the  help  of  the  following 
diagrams  a  faiidy  close  estimation  of  the  relative  leakages  under  the 
two  sets  of  conditions  may  be  made. 

Fig.  34  Tpage  218)  represents  on  an  empirical  scale  the  leakage 
which  will  take  place  under  working  conditions,  if  the  assumptions 
above  are  approximately  true. 

Fig.  35  (page  219)  similarly  represents  the  leakage  with  blocked 
steam-ports.     Of  the  total  leak  about  76  per  cent,  appears  to  be  leak 
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Fig.  34. — Leakage  through  Slide-Valveg.    Probable  LeaJ:s  during  Worldug  Strohe. 
M 


Up.  On  Top  and  Bottom  of  Main 
Plato  into  ends  of  Steam- 
Tort. 

Uy.  On  Outer  edge  of  Exp.  Tlatc. 

US.  On  Inner  edge  of  Exp.  Plate. 

Ue.  On  Top  and  Bottom  edge  of 
Exp.  Plate. 

Va.  From  Steam  Passage  in  Main 
Plate  to  Steam-Port. 

Vb.  Over  Top  and  Bottom  of  Steam- 
Port. 

Total    area     (POQUST)  =  12-4 
empii'ical  units. 
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Fig.  33, 
Prdbahle  Lealcage  into  Exhaust  when  running  with  Bloched  Steam-Port^, 


Leakage  direct  from  Chest  to  EshaiTst. 


TiTTie.    of 
n^urn^  '■Admission-  ^< -Expamix)TV->< Exhatist 


resswr, 


revoluUon  -  ^J  „    fiours —  —  ^ 

60  xR 


9-2 

"P. 

S_rt 

w 

^^ 

^ 

,2 

-*^ 

•S 

o 

S 

P4 

p^ 

g 

o 

Eeferexce. 

O.P.Q.  As  in  Fig.  34. 

E.  Leakage  pa^tlfaee  of  Blocked 
Steam-Ports. 

S.T.  Leakage    from    passage    in 
Steam-Port  into  Exhaust. 

Total   area,  13 "18   empirical 
units. 
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direct  to  the  exhaust,  and  the  remainder  to  be  steam  which  passes 

into  and  out  of  the  cylinder.     This   latter   quantity   therefore   is 

apparent  on,  or  absent  from,  the  indicator  diagrams  according  to  the 

point  of  the  stroke  at  which  examination  is  made.     The  leakage 

into  the  cylinder  during  expansion  appears  to  be  about  22  per  cent. 

of  the  total  leak,  and  the  leakage  out  of  the  cylinder  during  the 

same  period  about  10  per  cent,  of  the  total  leak.     The  net  leakage 

into  the  cylinder  during  the  expansion  period  will  therefore  amount 

to  about  12  per  cent,  of  the  total  leakage. 

In  comparative  units  (see  Fig.  3i,  page  218)  the  leakage  to  exhaust 

12"4 
from   both  chest   and   cylinder   equals  y^.y^  of  the   corresponding 

values  on  Fig.  35.  Therefore  the  total  leakage  up  to  release 
under  actual  working  conditions  will  be  about  0*95  times  the 
leakage  measured  under  test  conditions.  This  quantity  should 
therefore  be  deducted  from  the  total  measured  exhaust  before  the 
weight  of  steam  actually  present  in  the  cylinder  up  to  release  will 
be  known. 

To  determine  similarly  the  weight  of  steam  present  in  the 
cylinder  up  to  cut-ofF,  from  the  total  measured  exhaust  must  be 
deducted  all  the  steam  which  leaks  into  the  exhaust  from  the  chest, 
together  with  all  the  steam  which  leaks  into  the  cylinder,  after 
cut-oflf.  That  is,  on  Fig.  34,  the  areas  0 +F  +  Q  +  B+U -\-V 
(14 '34  in  comparative  units)  ;  so  that  up  to  cut-off  the  steam  to  be 

deducted  from  the  total  measured  exhaust,  in  order  to  determine  the 

14-34 
steam  which  is  in  the  cylinder  at  cut-off,  will  be  jlpfg  =  1 '  1  times 

the  total  measured  leak  with  steam-ports  blocked.     These  values 

have  been  employed  in  determining  the  corrected  dryness-fractions 

given  in  Table  8  (page  228). 

It  will  be  interesting  to  determine  the  value  of  the  factor  C  by  which 

Difference  of  pressure  X  perimeter    ■,•,,,  ^,-   ^•    t    •         j       , 
,,    1 — should  be  multiplied  m  order  to  give 

Mean  overlap  ^  ° 

the  mean  rate  of  leakage,  and  so  to  compare  with  the  corresponding 
values  found  by  Messrs.  Callendar  and  Xicolson.  The  perimeter 
measured  to  the  mean  overlap  round  the  steam-port  and  on  the  side 
and  ends  of  the  exhaust-port  for  one  end  of  the  slide-valve  for  the 
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valve  of  the  experimental  engine  is  22*5  inches — the  mean  overlap 
is  1  inch.*  The  mean  value  of  gj^^^/gj.  is  therefore  0  •  045.  Taking 
mean  values  of  the  leakage  as  plotted  on  Fig.  32  (page  212),  the 
value  of  the  factor  C  will  be  as  follows : — • 

TABLE  5. 


Pressure  in 
Chest. 
1    Lbs.  per  sq.  in. 
absolute. 

Difference  of 

Pressure. 

Chest  minus 

Exhaust  in  lbs. 

Syphon 

I>ubricator  on 

Steam-Chest 

Btopjied. 

Syphon  Lubricator 
on  Steam-Chest     i 
running  freely,      j 

1 

33 

63 

93 

145 

18-75 
46 

74 'To 
125 -20 

0-032 
0-022 

0-018 
0  0142 

0-02G 
0-019 
0-016 
0-0145 

Averages 

. 

0-0215                       0-019              1 

As  before  stated,  C  is  not  a  constant  for  the  range  of  pressures 
experimented  upon,  although  its  mean  value  (namely,  0-02)  is 
identical  with  the  value  found  by  Messrs.  Callendar  and  Nicolson. 

As  already  stated,  its  variation  is  probably  due  to  the  approximate 
character  of  the  assumptions  above  made. 

Percentage  of  LeaJcage  to  Steam  passing  through  Cylinders. — If 
Tables  1,  2,  13  and  14  (pages  210,  211,  and  252-255)  be  compared,  it 
will  be  seen  that  the  leakage,  under  given  conditions  of  pressure,  is 
equal  to  a  maximum  of  20  per  cent,  of  the  total  steam  used  on  the 
Aj^  trial  down  to  a  minimum  of  4  per  cent,  of  the  total  steam  used 
on  the  DD^  trial.     It  is  therefore  in  no  case  negligible. 

Piston  Leakage. — The  leakage  through  the  piston  was  measured 
by  blocking  the  port  at  one  end  of  the  cylinder  and  running  the 
engine  single-acting.      Cards  of  the  working  and  blocked  ends  were 


For  dimensions  of  valves  and  ports,  see^ Appendix  II  (page  258). 
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also  taken.  One  of  these  is  shown  on  Fig.  36.  It  was  found  that 
the  piston  leak  was  independent  of  revolutions  per  minute,  and  was 
proportionate  to  the  admission  pressure  and  area  of  indicator  diagram 
on  the  working  side  of  the  piston.  The  piston  leak  was  found  at  its 
worst  to  be  less  than  2  per  cent,  of  the  steam  consumption  of  tho 
engine. 


Fig.  36. — Diagram  shoicivg  Piston  Leah. 


Diagram  from  Working  end 
Diagram  from  Blocked  end 


Lbs. per  ° 


Series  I. — Jacketed  Trials." 

In  the  jacketed  series  the  barrels  and  both  ends  of  the  cylinders 
were  jacketed  with  steam  at  boiler  pressure,  the  discharge  from  tho 
jackets  being  collected  and  measured. 


Analysis  of  Eesulis. — Table  13  (pages  252  and  253)  shows  the 
records  obtained  on  the  nineteen  jacketed  trials.  At  the  highest 
pressure  and  greatest  speed  it  was  found  impossible  to  obtain  a 
consistent  satisfactory  trial,  owing  to  the  limits  of  the  boiler  used 
for  the  trial  being  reached.  After  a  number  of  attempts  therefore 
all  the  trials  under  these  conditions  being  found  to  be  unsatisfactory 
were  discarded. 

On  a  detailed  examination  of  the  records  the  following  points  are 
noteworthy  : — ■ 
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1.  Indicator  Diagrams.— (a)  Admission  liae.  For  tlie  series  of 
trials  at  tlie  lowest  admission  temperature,  it  was  found  necessary, 
as  already  mentioned,  to  raise  tlie  boiler  pressure  above  tbat  required 
in  the  cylinder  so  as  to  give  a  margin  for  driving  the  feed-pumps. 
In  this  series  therefore  the  inlet-valve  was  used  as  a  reducing  valve, 
and  this  is  clearly  shown  on  the  indicator  diagrams  by  the 
considerable  drop  which  there  is  between  the  pressure  at  the  boiler 
side  of  the  inlet-valve  and  the  admission  pressure  on  the  diagrams. 
The  wire-drawing  resulting  from  this  use  of  the  valve  caused 
superheating  in  some  of  the  trials  of  this  series. 

The  maximum  difference  between  the  pressure  of  the  boiler  side  of 
the  inlet  valve  and  the  steam-chest  pressure  occurring  on  the  A^ 
trial  at  200  revolutions  per  minute,  when  a  reduction  from  47  •  1  to  33  •  2 
lbs.  per  square  inch  was  recorded,  corresponding  to  a  drop  in 
temperature  of  21-2^  F.,  and  on  the  B^  trial  where  the  pressures 
were  75-8  and  55 -1  respectively,  corresponding  to  a  drop  in 
temperatui-e  of  2V  F.,  and  the  D^  trial  with  a  pressure  before  the 
inlet  valve  of  164-7  lbs.  and  in  the  steam-chest  of  141  lbs. 
corresponding  to  a  drop  in  temperature  of  13''  F.  The  minimum 
recorded  difference  was  on  the  A^  trial  at  100  revolutions  per  minute, 
the  pressures  being  39-2  and  37  lbs.  per  square  inch,  giving  a 
difference  of  3'  F.  only.  With  the  single  exception  of  the  Bj  trial, 
there  was  in  no  case  superheating  at  cut-off. 

(b)  Expansion  Line. — As  the  ratio  of  expansion  was  kept  constant 
for  the  whole  of  the  trials,  the  release  pressure  increased  concurrently 
with  the  admission  pressure.  The  constant  volume  rejection  to 
exhaust  therefore  represents  a  larger  and  larger  proportion  of  the 
whole  range  of  pressures  as  the  admission  pressure  rises.  This 
is  due  to  the  fact  that  the  ratio  of  expansion  necessary  for  the 
lower  pressiu-e  trials  is  not  the  most  economical  for  the  higher 
pressure  trials.  On  the  other  hand,  the  high  temperature  at  release 
on  the  higher  pressure  trials  must  ensure  a  temperature  for  the 
cylinder  walls  and  end  and  piston  surfaces,  and  probably  throughout 
the  exhaust,  higher  than  in  the  low-pressure  trials.  The  surface 
temperature  and  the  critical  dry  temperature  of  the  walls  and  surfaces 
therefore  ^ill  bo  higher  the  hiaher  the  temperature  of  admission. 
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TABLE  G. 

Jaclceted  Trials. 
Bange  of  Temijerature. 


Difference 

Difference 

Initial 

Release 

between 

between 

Pressure. 

Pressure. 

Initial 

Release 

Differ- 

Tempera- 

Initial 

Trial. 

Temper- 

Temper- 

ture at 

Tempera- 

ature. 

ature. 

Release 
and 

ture 
and 

Lbs.  per  s 

q.  in.  abs. 

F.° 

F.° 

F.° 

212°  F. 

212°  F. 

A. 

31 

15 

252 

212 

40 

0 

40 

B. 

4i 

25 

285 

239 

46 

27 

73 

c. 

99 

49 

327 

279 

48 

67 

115 

D. 

147 

64 

356 

296 

60 

84 

144 

A, 

35 

15 

2o9 

212 

47 

0 

47 

B, 

56 

24-5 

288 

238 

50 

26 

76 

C, 

100 

45 

327 

274 

53 

62 

115 

I>2 

153 

63 

360 

295 

65 

83 

148 

A3 

32-5 

15'75 

254 

209 

45 

—3 

42 

B3 

59 

24-5 

291 

238 

63 

26 

79 

C3 

100 

40 

327 

267 

60 

55 

115 

r>3 

140 

63 

338 

295 

63 

83 

146 

A4 

33 

15-75 

255 

209 

46 

—3 

43 

B4 

55 

23 

287 

235 

52 

23 

75 

C4 

99 

40 

327 

267 

60 

55 

115 

I>4 

145 

55 

355 

287 

68 

75 

143 

A, 

37-5 

17 

263 

219 

51 

7 

51 

B, 

57-5 

24-5 

289 

238 

51 

26 

77 

c. 

88 

35 

318 

259 

59 

47 

106 

The  trials  have  been  arranged  in  order  of  speeds. 
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Table  6  (page  224)  will  help  in  comparing  the  trials  from  this 
point  of  view. 

In  it  are  given  the  admission  and  release  temperatures,  the  range 
of  temperatures  between  admission  and  release,  and  the  range  of 
temperatures  between  admission  and  exhaust,  for  the  whole  of  the 
jacketed  trials. 

Exhaust  and  Compression. — "With  regard  to  the  exhaust  and 
compression  portions  of  the  stroke  little  need  be  said,  as  these  are 
practically  uniform  for  the  whole  series  of  trials. 


Seeies  II. — Unjacketed  Teials. 

In  this  series,  of  which  detailed  results  are  given  in  Table  14 
(pages  254  and  255),  the  indicator  diagrams  show  much  the  same 
features  as  have  been  noticed  on  the  jacketed  series.  The  reduction  of 
pressure  through  the  inlet  valve  was  in  general  more  on  the  unjacketed 
than  on  the  jacketed  series.  The  maximum  drop  on  any  of  the  trials 
occurred  in  the  AA  series.  On  the  AA^  trial  at  200  revolutions,  the 
difference  between  the  inlet-valve  pressure  and  the  admission 
pressure  was  19*7  lbs.,  corresponding  to  a  difference  of  temperature 
of  25  "6^  F.  On  the  AAj  trial  at  250  revolutions,  at  which  the 
pressure  at  the  boiler  side  of  the  inlet  valve  was  48*9,  the 
pressure  at  admission  was  37,  corresponding  to  a  difference  in 
temperature  of  17 '3^  F.  The  effect  of  wire-drawing  through  the 
valve  is  not  apparent  on  the  admission  line  of  the  lower  sj)eed 
trials ;  but,  as  the  speed  increases,  the  admission  from  being 
practically  a  straight  line  parallel  to  the  base  slopes  down 
considerably,  and  at  the  same  time  the  cut-off  becomes  more  and 
more  rounded  instead  of  being  sharp  and  distinct. 

The  only  other  trials  upon  which  any  considerable  reduction 
occurred  between  the  pressure  at  the  back  of  the  inlet  valve  and 
admission  pressure  were  at  the  highest  speeds  of  the  CO  (that  is, 
the  315°  F.  unjacketed)  and  DD  (that  is,  the  350°  F.  unjacketed) 
series.  On  the  CC3  trial,  namely  the  trial  at  150  revolutions  and 
315°  F.,  there  was  a  drop  of  7  lbs.  pressure  and  5°  F.  in  temperature 


226  STEAM-EKGINE    RESEARCH.  MArciI  1905. 

between  steam-pipe  and  atlmission.  On  the  DD^  trial,  that  is,  the 
trial  at  50  revolutions,  350^  F.,  the  corresponding  pressures  (page  254) 
were  160 '4  in  the  steam-pipe  and  143 '5  in  the  steam-chest,  a  drop  of 
16-9  lbs.  pressure  and  9^  F.  in  temperature.  This  is  the  trial  showing 
the  maximum  difference  in  the  DD  series. 

Expansion. — With  a  constant  ratio  of  expansion  and  varying 
initial  pressure  and  speeds  the  same  effect  is  produced,  as  was 
noticed  in  the  jacketed  trials. 

Table  7  (page  227)  gives  the  temperature  ranges  and  difference 
for  the  unjacketed  trials. 

Comparison  op  Jacketed  and  Unjacketed  Series. 

Condensation  during  Admission  and  re-evaporation  during  Expansion. 
' — Tabic  8  (page  228),  Columns  1  and  2  give  the  dryness-fractions  for 
the  whole  of  the  trials  for  both  series  measured  in  the  usual  way,  as 
the  ratio  between  the  steam  measured  upon  the  indicator  cards  up  to 
cut-off  and  release  and  the  measured  condensed  discharge  from  the 
exhaust  and  including  clearance  in  each  case.  As  before  stated,  the 
measured  condenser  discharge,  including  as  it  does  all  leakage,  will 
not  give  a  true  measure  of  the  weight  of  steam  and  moisture  in  the 
cylinder  at  cut-off.  If  the  leakage  for  the  known  conditions  of 
each  trial  bo  taken  from  the  leakage  curve,  a  new  ratio  can  be  found 
by  calculation  from  the  leakage  area  diagram  which  will  represent 
the  real  dryness-fraction,  for  the  steam  actually  present  in  the  cylinder 
at  cut-off.  The  values  of  this  actual  dryness-fraction  for  each  trial 
are  given  in  Columns  3  and  4  of  Table  8.  It  will  bo  seen  that  the 
leakage  correction  thus  applied  materially  affects  the  estimate  of 
condensation  during  admission.  Similarly,  the  di-yness-fraction  at 
release,  measured  in  the  usual  way  as  a  fraction  of  the  condensed 
exhaust  plus  clearance,  is  given  in  Column  2,  while  its  true  ratio,  after 
allowing  for  leakage,  is  given  in  Column  4  of  the  same  Table. 

To  show  the  re-evaporation  during  expansion,  Columns  5  and  6 
have  been  added.  The  former  gives  the  percentage  of  the  whole 
weight  of  mixed  steam  and  water  which  would  have  been  present 
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TABLE  7. 

Unjacketed  Trials. 

Range  of  Temperature. 


1 
1 

Trial. 
AAi     1 

Admis- 
sion     J 
Pressure.! 

Eelease 
'ressure. 

Admis-  i 
siou 

Temper- 
ature. 

F.° 

Eelease 
Temper- 
ature. 

F.° 

1 

Differ- 
ence. 

F.° 

Difference 
between 

Tempera- 
ture at 
Eelease 

and 
212°  F. 

Difference 

between 

Initial 

Tempera- 
ture and 
212°  F. 

Lbs.  per  s( 

[.  in.  abs. 

38 

19 

263 

224 

39 

12 

61 

BB,     1 

55 

32 

286 

253 

33 

41 

74 

CCi    1 

98 

50 

326 

280 

46 

68 

114 

DDi 

1-13 

66 

354 

298 

56 

86 

142 

AA, 

3G 

IS 

260 

221 

39 

9 

48 

BB„ 

55 

29 

286 

247 

39 

35 

74 

CC„ 

90 

45 

320 

274 

46 

62 

108 

DD, 

142 

62 

354 

294 

60 

82 

142 

AA3 

3G 

17-5 

260 

220 

40 

8 

48 

BB3 

5i 

26 

285 

242 

43 

30 

73 

1      CC3 

99 

43 

327 

271 

56 

59 

115 

DD3 

141 

60 

353 

292 

61 

80 

141 

AA, 

39 

17-5 

265 

220 

45 

8 

53 

BB^ 

54 

25 

,      285 

239 

46 

27 

73 

CO, 

90 

1      40 

320 

267 

53 

55 

108 

DD, 

128 

53 

346 

284 

62 

72 

134 

AAs 

39 

1 

17 

265 

218 

47 

6 

53 

BBj 

56 

24 

288 

237 

51 

25 

76 

cc. 

:      89 

1 

3G 

319 

260 

59 

48 

107 
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TABLE  8. 


Trial. 

Steam  present               ^ci    io  '2_'Z  O 

as^fmction'of             Dryness-fraction  of  Steam 
measured            present  in  Lylmder  if  measured    . 
exhaust        '     ^'-"^^^ust  be  corrected  for  leakage, 
neglecting  leaks. 

! 
Theoretical 
dryness-fraction 

at  release  if 
expansion  from 

cut-off 
were  adiabatic. 

1 

A, 

A, 

a; 
A4 

A, 

I 

I: 

1 

At          At 
cut-off.  release. 

1             2 
0-76       0-92 
0-83       0-97 
0-87       1-00 
0-85       1-00 
0-81       0-95 

1 

At 
cut-off. 

3 
0-94 
0-94 
0-93 
0-89 
0-85 

1 

At 
release. 

4 
111 
1  1-10 
1  1-07 
1  1-05 
1  0-99 

Dryness-fraction  at 

release,  if  leakage 

into  cyliudor  during 

i        expansion  be 

deducted. 

5 

102 

1-08 

104 

1-03 

0-97 

6               i 
0-92 
0-92 
0-90 
0-87 
0-82 
108 
0-84 
0-84 
0-82 
0-83 

0-90 

0-8 

0-83 

0-82 

0-83 

0-99 
0-91 
0-96 
0-97 
0-94 

1-16 
0-88 
0-88 
0-8G 
0-87 
0-8--i 
0-85 
0-84 
0-87 
0-85 

1-2 

0-98 
1-03 
1-02 
0-98 

0-98 
0-93 
0-98 
0-99 
0-95 

AA, 

AA„ 

aa; 

AA, 

aa, 

BB, 
BB, 

bb; 

BB, 
BB5 

CCj 

CC2 
CC3 

CC, 
CCs 

0-71 
0-79 
0-80 
0-83 
0-82 

0-84 
0-91 
0-88 
0-90 
0-88 

0-95 
0-98 
0-92 
0-95 
0-91 

0-8(i 
O-tC! 
0-S9 
0-92 
0-89 

0-78 
0-81 
0-81 
0-82 
0-80 

0-82 
0-80 
0-85 
0-84 

0-89 
0-85 
0-90 
0-86 

0-96 
0-86 
0-90 
0-88 

102 
0-92 
0-95 
0-90 

0-92 
0-86 
0-91 
0-87 

0-91 
0-83 
0-85 
0-83 

0-46 
0-54 
0-60 
0-77 
0-71 
0-49 
0-61 
0-63 
0-67 
0-71 

0-60 
0-70 
0-75 
0-91 
0-84 
0-64 
0-74 
0-76 
0-81 
0-84 
0-65 
0-74 
0-80 
0-81 
0-81 

0-53 
0-58 
0-64 
0-82 
0-74 
0-56 
0-65 
0-66 
0-70 
0-74 
0-59 
0-68 
0-7] 
0-76 
0-74 

0-68 
0-75 
0-80 
0-97 
0-87 

0-64 
0-73 
0-74 
0-9G 
0-87 

O-M 
0-57 
0-62 
0-79 
0-73 
0-5.1 
0-(j4 
0-65 
0-68 
0-72 

0-72 
0-79 
0-81 
0-84 
0-86 
.0-73 
0-79 
0-84 
0-85 
0-83 
0-78 
0-84 
0-85 
0-85 

0-«7 
0-76 
0-78 
0-80 
0-85 

0-52 
0-63 
0-G8 
0-73 
0-72 

0-m 

0-76 
0-81 
0-83 
0-81 

0-58 
0-66 

0-70 
0-74 
0-72 

DD, 
DD, 

0-63 
0-68 
0-74 
0-74 

0-69 
0-78 
0-80 
0-82 

0-72 
0-73 
0-78 
0-76 

0-69 
0-79 
0-81 
0-81 

0-70 
0-71 
0-75 
0-74 
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in  the  cylinder  at  release  as  steam,  if  no  leakage  had  taken 
place  between  cut-off  and  release,  while  Column  6  gives  the 
dryness-fraction  which  would  have  resulted  from  an  adiabatio 
expansion    of    the    mixture    present    at    cut-off.      The    difference 

Fig.  37. 

Diagram  showing  Variation  of  Dryness-FracHon  at  Cut-off  and  Release; 
icith  Speed  and  Pressure. 

S  IV  f  £  i.x 


100  150  200 

Revs,    per    mirv. 

Dotteii    lines  -Dryness    fraction,  at  cut-off 
FulL  „      =         ,,  Release. 


250 


between  the  values  in  Columns  5  and  6,  stated  as  a  percentage 
of  the  steam  and  water  actually  in  the  cylinder  at  release 
gives  an  approximately  accurate  determination  of  the   quantity  of 
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Fig.  38. 

Curves  showing  Variation  of  Dryness-Fraction  and  Total  LeaJcage  up  to  Release 
(jiliaded  area),  with  Pressure  and  Temperature. 


DD 


Theoretical. 

Cut-off 

Release  after  deductlrtg  leak.  — * 

Release  —  -  — o  —  -  — o —  -  - 


Dryness     Frciction 
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Fig.  39. — Curves  showing  Variation  of  Dryness-Fraction  and  Total 
Leakage  up  to  Release  {shaded  area),  icitli  Speed. 

A  At 


Si 

I. 


150 


100 


200 


CC_ 
•5        -6        -7 

Dryness     Fraction 


Cy  DD,  Di 

9        1-0       11        -3        -6        -7         -8        -9        10       11 
Dryness     Fruction. 


Theoretical-     + * 

Citt-off  • • 

Release  after  deducting  Leah-  — x >f- 

ReLease  o-^ o- • 
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steam  whicli  has  been  formed  by  re-evaporation  during  expansion.  It 
must  therefore  be  a  measure  of  the  regenerative  action  of  the  cylinder 
walls.  It  will  be  seen  that  in  several  instances  the  steam  is  not 
only  dry  but  superheated  at  release.  Such  superheating  only  takes 
place  on  the  jacketed  trials,  and  there  is  strong  internal  evidence  to 
show  that  in  the  most  marked  case,  that  of  B^,  there  was 
superheating  throughout  the  stroke.  In  such  a  case,  the  leakage 
of  the  valves  is  very  greatly  reduced,  and  the  values  calculated 
from  the  leakage  curves  can  no  longer  be  relied  on.  From  the 
curves  of  variation  of  the  dryness-fraction  given  in  Fig.  37  (page  229), 
it  ajjpears  probable  that  the  valve  leakage  on  trial  Bj,  if  it  existed  at 
all,  was  very  small ;  in  such  a  case  the  values  of  the  dryness-fraction 
calculated  without  leakage,  as  given  in  Columns  1  and  2  of 
Table  8,  represent  much  more  closely  the  actual  facts  than  the 
values  in  3  and  4  of  that  Table.  The  superheating  at  admission  in 
trials  Aj,  A.,,  A3,  and  A^  has  already  been  dealt  with.  Figs.  38  and 
39  (pages  230  and  231)  show  the  values  of  the  corrected  dryness- 
fraction  at  release,  and  the  difference  between  the  values  in  4  and  5 
has  been  shown  hatched,  the  intercept  between  the  two  curves 
representing  leakage  up  to  release  expressed  as  a  percentage  of  the 
steam  and  water  in  the  cylinder  for  each  trial.  The  values  have  been 
plotted  for  both  varying  speeds  and  varying  pressures.  It  will  be 
noticed  that  as  the  leakage  per  hour  when  the  engine  is  running  is 
appreciably  constant  for  all  speeds,  the  leakage,  expressed  as  a 
percentage  of  the  mixture  present  in  the  cylinder,  diminishes  with 
speed  for  any  pressure  and  increases  with  pressure  for  any  speed. 
It  will  also  be  seen  that  the  dryness-fractions  for  jacketed  and 
unjacketed  trials  converge  towards  one  another  both  with  increase 
of  temperature  and  increase  of  speed. 

On  Fig.  37  (page  229)  is  shown  at  a  glance  the  dryness-fraction  at 
cut-off  and  release  for  all  the  trials  plotted  horizontally  on  a  scale  of 
revolutions  and  vertically  on  a  scale  of  pressures.  It  will  again  be 
seen  that  in  both  directions  the  dryness-fractions  for  jacketed  and 
unjacketed  trials  converge  towards  one  another  and  towards  unity. 
The  dryness-fractions  at  cut-off  and  release  also  clearly  converge 
towards  one  another  in  both  directions.     There  is  only  one  marked 
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diyergence  from  a  straight  line  throughout  the  observations,  namely, 
for  both  fractions  for  the  B^  (245°  F.  50  revs,  jacketed)  trial.  If  the 
leakage  correction  for  this  trial  be  omitted,  the  fractions  would,  as 
shown,  fall  upon  the  proper  straight  lines.  This  was  the  trial 
when  wire-drawing,  and  therefore  initial  superheating  was  a 
maximum,  and  thus  the  deduction  already  drawn,  that  in  such  a 
case  leakage  will  be  reduced  or  eliminated,  is  confirmed  in  a  very 
interesting  and  instructive  way. 

Regenerative  action  of  Cylinder  Walls. — The  area  of  walls  and 
clearance  surface  of  the  cylinder  up  to  cut-off  is  1*355  square  feet, 
and  up  to  the  end  of  the  stroke  is  2  •  6  square  feet.  To  cover  the 
surface  up  to  cut-off  with  a  film  of  moisture  0  •  001  inch  thick  would 
therefore  require  0  •  0072  lb.  of  water.  At  the  end  of  the  stroke  a 
similar  film  would  weigh  0'0136  lb.  Bearing  these  quantities  in 
mind,  an  estimate  of  the  thickness  of  the  film  of  dew  formed  by 
condensation  during  admission  on  each  trial  could  be  made. 

The  following  Tables  9  and  10  (page  284)  give,  first,  the 
weight  of  steam  condensed  during  admission,  and,  second,  the  net 
re-evaporation  during  expansion,  after  correcting  for  leakage. 

Table  11  (page  235)  gives  approximately  the  corresponding 
average  rate  of  interchange  of  heat  in  lb.  F.°  units  per  square  foot  of 
surface  per  minute,  between  the  steam  and  the  admission  surfaces,  and 
between  the  total  cylinder  surface  and  the  steam  during  expansion. 

Firstly — Condensation  during  Admission. — Table  9  shows  that, 
excepting  those  trials  at  lowest  speed  where  wire  drawing  through 
the  stop-valve  has  modified  the  results,  the  total  condensation  up 
to  cut-off  increases  with  increased  pressure  and  temperature  of 
admission.  As  the  cut-off  was  constant,  condensation  therefore 
increases  with  the  difference  between  the  temperature  of  admission 
and  exhaust.  This  difference  of  temperature  is  sensibly  the  same 
for  the  jacketed  and  unjacketed  series,  yet  the  condensation  increases 
with  increase  of  temperature  in  a  much  higher  ratio  on  jacketed 
than  on  the  unjacketed  trials.  For  example,  on  the  jacketed  trials 
at  150  revolutions  the  condensation  at  350^  F.  initial  temperature  is 
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TABLE  9. 
Condensation  on  Cylinder  Walls. 


Suffix 

denoiing 

Speed. 

Kevs. 

Steam  condensed  during  admission  in  lbs. 
per  1,000  strokes. 

Jacketed  Series. 

Unjacketed  Series. 

Admission  t( 

;mp.    1 

ABC 

245°F.280°F.315°F. 

1             1 

D 

350°  F, 

1            1 
AA       BB    '    CC    i   DD 
245°  F.  280°  F  81 5°  F.  350°  F. 

1 

50 

0-40     0 

5-7 

1-6 

8-5 

12-3      180     15-0 

I 

2 

100 

0-45     0-83 

4-0 

6-0 

6-3 

8-0  1  11-5     12-6 

8 

150 

0-48     1-7 

4-2 

4-8 

4-8 

6-8  :     9-3       9-8 

4 

200 

0-90     1-9 

3-5 

4-6 

1-86 

5  4       70       9-1 

5 

250 

0-91     2-0 

3-7 

— 

2-9 

4-5 

5  8       — 

TABLE  10. 
Re-Evaporation  on  Cylinder  Walls. 


Suffix 

Steam  re-evaporatod  during  expansion  in  lbs. 
per  1,000  strokes. 

dinotiug 
Speed. 

Eevs. 

Jacketed  Series.                    Unjacketed  Series. 

i 

Admission  te 

mp.    1 

A 

245°  F. 

0-71 

B 

280°  F. 

C         D 

315°F.350°F. 

AA       BB 

245°  F.  280°  F. 

1 

CC 

31 5°  F. 

DD 

350°  F. 

1 

50 

0 

3-3      0-4 

2-2 

3-2 

3-7 

0 

2 

100 

1-2 

0-6 

3-3      1-4 

2-4       2-6 

3-6 

4-0 

3 

150 

0-98 

2-0 

2-5 

2-3 

1-4       2-3 

3-6 

2-8 

4 

200 

1-4 

2-3 

2-5 

1-36 

1-7       2-14 

2-8 

3-1 

5 

250 

0-93 

1-9 

21 

— 

1-62     2-3 

2-5 

— 
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ten  times  the  condensation  at  248^  F.  initial  temperature,  while  on  the 
unjacketed  trials  at  the  same  speed  the  condensation  at  350°  F.  is  only 
twice  that  at  245^  F.     On  the  other  hand,  the  condensation  on  the 


TABLE  11. 

Mean  Bate  of  Interchange  of  Heat  between  Cylinder  Walls  and  Steam 
during  the  Forward  Stroke. 


Suffix 

denoting 

Speed. 

Eevs. 

British  Thermal  Units  per  sq.  ft.  of  exposed 

surface  per  minute  traiismitte<l  fr.m 

steam  to  walls  during  admission. 

■ 

Jacketed  Series. 

Unjacketed  Series. 

Admission  U 

>mp.    1 

A    1     B          C 

215°F.280°F.315°F. 

D 

350°  F. 

AA       BB    1    CO    '    DD 

245° F.  280° F.  315° F.  35U°F. 

1             1 

1 

50 

G5 

—       1000       295 

1 

14G0      2200     3100 

1 

2580 

'            2 

100 

150 

277 

1370     1970 

2250 

2720 

3920 

4150 

3 

150 

244 

1     865 

2190     2020 

2460 

3550 

4850 

4975 

4 

200 

610 

1320     2350     3000 

1230     3580 

4625 

5700 

5 

1 

250 
50 

795 

1610     3100       —       2400  i  3990 

1 

5100 

— 

British  Thermal  Units  per  sq.  ft.  of  exposed 

surface  per  minute  transmitted  from 

walls  to  steam  during  expansion. 

36 

— 

183 

25 

119 

180 

200 

— 

'            2 

100 

123 

62 

350 

145 

269 

276 

373 

448 

;     -' 

150 

155 

318 

410 

348 

224 

423 

575 

423 

4 

200 

297 

490 

525 

270 

350 

460 

548 

605 

5 

250 

■    255 

1 

480 

555 

— 

420 

635 

655 

— 

unjacketed  trial  at  150  revolutions  and  245°  F.  initial  temperature  is 
ten  times  that  for  the  jacketed  trial  at  the  same  temperature  and  speed, 
while  at  200  revolutions  and  350^  F.  temperature  the  condensation 
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without  jackets  is  only  twice  that  with  jackets  at  the  same  temperature 
and  speed.  These  facts  bear  out  the  conclusion  arrived  at  below  from 
a  consideration  of  the  variation  of  initial  condensation  expressed  as  a 
percentage  of  the  steam  entering  the  cylinder,  that  the  losses  due  to 
condensation  on  the  cylinder  xoalls  of  unjacheted  engines  diminish  with 
increased  initial  pressure  and  temperattcre  for  a  given  ratio  of  expansion, 
quite  independently  of  the  influence  of  speed.  There  are  not  wanting 
indications  in  the  results  here  recorded,  that  if  only  the  initial 
temperature  could  be  sufficiently  raised,  jacketed  and  unjacketed 
engines  would  be  equally  efficient  as  regards  initial  condensation. 


TABLE  12. 


Suffix 

denoting 

Speed. 

Revs. 

Steam  entering  Cylinder  up  to  Cut-oflf  in  lbs. 
per  1,000  strokes  corrected  for  Leakage. 

Jacketed  Series. 

Unjacketed  Series. 

Admission  t 

emp.  1 

A 

24  5°  F. 

B 

280°  F. 

C 
315°F. 

D 

350°  F. 

AA 
245°  F. 

BB 

280°  F. 

CC       DD 

315°F.350°F. 

1             1 

1 

50 

7-7 

12-2 

30-9 

38-6 

18-6 

29-9 

44-8 

537  : 

2 

100 

7-8 

15-2 

27-8 

43-0 

15-2 

23-3 

360 

46-9 

•s 

150 

7-1 

150 

27-2 

40-7 

13-4 

20-4 

32-8 

44-9  i 

4 

200 

8-4 

13-7 

26-8 

37-6 

10-7 

19-2 

29-7 

38-1 

5 

250 

9-4 

15*5 

24-1 

—    i  11-5 

i 

17-3 

26-8 

— 

Secondly. — Total  condensation  during  admission. — This  decreases 
with  increase  of  speed  throughout  the  unjacketed  series  of  trials,  with 
the  single  exception  of  the  trial  at  200  revolutions  and  245'  F.  initial 
temperature.  This  trial  has  already  been  noted  as  one  which  was 
largely  affected  by  superheating  due  to  wire-drawing  through  the 
stop-valve.  On  the  jacketed  series,  on  the  two  higher  temj)erature 
series,  the  same  decrease  of  total  condensation  with  increase  of  speed 
is  observable,  but  on  the  two  lower  temperature-series  the  opposite 
is   the   case — the   total   condensation  increasing  with  speed.     This 
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apparent  anomaly  is  probably  largely  due  to  the  fact  that  throughout 
these  two  last-named  series  the  weight  of  steam  entering  the  cylinder 
is  comparatively  small,  and  increases  rapidly  with  speed,  so  that  as 
shown  later  the  condensation  expressed  as  a  percentage  of  the  steam 
entering  the  cylinder  does  not  increase  with  the  total  condensation. 
The  total  condensation  on  these  series  is  moreover  so  small  that  the 
heat  transference  is  at  a  comparatively  low  rate,  so  that  increase  of 
speed  does  not  affect  the  result  to  the  same  extent  as  where  larger 
weights  of  steam  are  in  question.  It  is  noticeable  that  the  actual  rate  of 
heat  transference  as  shown  in  Table  11  (page  235)  increases  regularly 
with  speed  and  with  temperature.  The  weight  of  steam  entering  the 
cylinder  as  shown  in  Table  12  increases  with  speed  (with  one  or 
two  exceptions)  during  the  245°  and  280'  F.  jacketed  series,  but 
decreases  with  speed  in  all  other  cases  except  those  already  noted  as 
anomalous. 

Thirdli/. — Bate  of  Interchange  of  Eeat  between  Steam  and  Cylinder 
fFaZZs.— Table  11  gives  the  rate  of  interchange  of  heat  from  steam  to 
cylinder  walls  during  admission,  and  from  walls  to  steam  during 
expausion.  It  will  be  noticed  that  the  rate  of  interchange  of  heat  from 
the  steam  to  the  walls  on  the  unjacketed  trials  approximates  to  twice 
that  on  the  jacketed  trials.  This  corresponds  to  the  greater  depth 
to  which  the  cyclical  temperature  variation  penetrates,  when  the 
mean  temperature  of  the  cylinder  walls  is  lowered  by  the  absence  of 
jackets.  This  has  previously  been  pointed  out  by  Messrs.  Donkin, 
Callendar  and  Nicolson,  and  other  observers,  but  is  here 
quantitatively  analysed  fur  the  first  time,  as  far  as  the  reporter  is 
aware. 

Fourthly. — Be-evaporation  during Expansion.-Dnving  expansion  the 
total  weight  of  steam  evaporated,  including  that  liquefied  by  expansion, 
has  a  maximum  value  of  about  3-5  lbs.  per  1,000  strokes.  It  is 
important  to  realise  that  this  maximum  appears  to  be  sensibly  the 
same  on  both  jacketed  and  unjacketed  trials.  Generally  the 
evaporation  without  jackets  is  greater  than  with  jackets,  showing 
that  the  regenerative  action  of  the  cylinder  walls  during  expansion 
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is  not  appreciably  helped  by  jacketing.  During  expansion  there  is 
not  time  for  the  higher  mean  temperature  of  the  walls  when  jacketed 
to  influence  the  evaporation  by  conduction.  When  the  c^linrler  is 
unjacketed  there  is  a  much  larger  weight  of  condensed  moisture 
to  draw  from  than  when  jacketed,  and  it  will  be  noticed  that  the 
evaporation  on  the  jacketed  trials  in  many  cases  apjiroximates  to  the 
total  condensation,  so  that  no  large  increase  could  be  looked  for, 
while  on  the  unjacketed  trials  this  is  only  the  case  on  the  higher 
speed  trials.  Yet  in  neither  series  does  the  evaporation  aj^pcar  to 
vary  at  all  closely  with  the  condensation,  though  there  are  some 
indications  of  such  a  tendency. 

Further,  the  mean  rate  of  heat  transmission  from  the  walls  to  the 
moisture  is  in  all  cases  extremely  low  compared  with  the  rate  of 
transmission  in  the  reverse  direction  during  admission,  so  that  it 
seems  difficult  to  believe  that  the  limit  of  evaporation  is  in  any  case 
reached,  even  though  it  be  assumed  that  the  evaj)oratiou  takes  place 
chiefly  towards  the  end  of  expansion,  so  that  the  actual  rate  is  much 
higher  than  the  mean. 

It  appears  clear,  therefore,  that  the  jackets  have  little,  if  any, 
influence  upon  evaporation  during  expansion,  and  that  under  the 
conditions  under  which  these  trials  were  carried  out  the  regenerative 
action  of  the  walls  is  quite  as  high  without  jackets  as  with  them, 
even  at  the  low  speeds  where  the  jacketed  engine  is  largely  more 
economical  than  the  unjacketed. 

Influence  of  Ratio  of  Steam  in  Jackets  to  Steam  through  Cylinders 
upon  Condensation  and  Be-evaporation. — From  Cols.  19,  20  and  22  of 
Table  13  (page  253),  fifthly,  it  will  be  seen  that  the  ratio  of  thermal 
units  through  the  jackets  to  the  thermal  units  passed  through  the 
cylinder  varies  between  very  wide  limits.  For  example,  on  the  trial 
at  245°  F.  temperature  and  50  revolutions  the  value  of  this  ratio  was 
0*724,  while  on  the  trial  at  356°  F.  temj)erature  and  200  revolutions 
it  was  0  •  042.  The  reporter  has  sought  in  vain  for  any  indication, 
either  in  the  condensation,  re-evaj)oration,  or  the  heat  consumption 
that  this  variation  has  any  influence  which  can  be  reduced  to  law. 
The  former  of  these  trials  has  condensation  on  the  walls  equal  to 
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0-40  lb.  per  1,000  strokes  as  compared  with  0-45  lb.  on  the  245''  F.- 
100  revolutions  trial.  The  re-evaporation  in  the  first  is  less  than 
the  last,  being  O'Tl  as  against  1*2  for  the  245^  F.-lOO  revolutions 
trial,  while  the  efficiency  ratio,  excluding  the  jacket  steam,  is  0"486, 
as  compared  with  0*625  for  the  245^  F.-lOO  revolutions  trial.  Any 
indication  of  influence  therefore  is  in  the  contrary  dii'ection  to  what 
would  be  expected.  The  variation  is  in  the  direction  in  which 
variation  would  have  been  expected  from  the  relative  conditions  of 
the  two  trials,  without  regarding  jackets  at  all.  The  same  in  a  less 
degree  is  true  of  all  the  variations  in  jacket  steam  throughout  the 
trials.  Any  excessive  number  of  thermal  units  absorbed  in  the 
jackets,  however,  as  for  example  is  the  case  with  the  A^  and  A3  trials 
(at  245°  F.,  50  and  150  revolutions),  coincide,  with  an  abnormal 
total  consumption  of  heat  per  I.H.P,  per  minute. 

Ratio  of  Steam  present  in  the  Cylinder  at  Cut-off  to  Total  Steam 
and  Moisture;  Dryness-Fraction  at  Cut-'ff. — The  relationship  between 
initial  condensation  and  the  steam  passing  through  the  cylinder  can 
best  be  studied  by  examining  the  variations  of  the  complement — the 
dryness-fraction.  This  can  best  be  sten  by  comjDaring  the  temperature 
entropy  diagrams  for  the  whole  series. 

Temperature  Entropy  Diagrams.- — Entropy  temperature  diagrams 
have  been  drawn  for  all  the  trials,  and  have  been  superimposed  in 
two  series — the  one  set  showing  variation  with  increase  of  speed,  the 
other  with  increase  of  initial  pressm-e.  On  these  latter,  necessary 
corrections  for  leakage  have  been  made.  So  as  to  make  them 
comparable  with  diagrams  drawn  without  allowance  for  leakage, 
they  have  been  plotted  for  1  lb.  of  total  exhaust  condensation  water. 
The  leakage  has  then  been  deducted  at  cut-off  and  release,  so  that, 
after  deducting  the  enclosed  area,  the  entropy  of  the  steam 
measured  on  the  indicator  diagram  compared  with  the  entropy  up  to 
the  edge  of  the  enclosed  leakage  area  represents  the  real  or  corrected 
dryness-fraction.  To  express  with  scientific  accuracy  the  actual 
entropy  temperature  changes,  it  would  be  more  correct  to  j^lot  the 
diagram  upon  a  new  scale,  in  which  the  entropy  of  the  steam,  after 
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deducting  leakage,  was  the  unit.  Such  a  diagram  would  not  however 
show  so  clearly  the  effect  of  allowance  or  non-allowance  for  leakage 
in  altering  the  relationship  hetu'een  steam  and  moisture  in  the 
cylinder. 

Comparing  first  the  superimposed  diagrams  for  constant 
temperature  and  varying  speeds  and  for  convenience  dealing  with 
the  unjacketed  series  first, — at  the  lowest  pressure,  namely  the  AA 
series,  it  will  be  noted  that  the  expansion  lines  of  the  entropy 
diagrams  are  roughly  parallel  to  one  anc^ther,  and  that  the  proportion 
of  steam  present  both  at  cut-off  and  at  release  increases  in  a  regular 
sequence  with  the  speed,  with  the  exception  of  the  AA^  trial,  which 
is  exceptional.  In  the  BB  series  the  same  uniform  and  regular 
increase  in  the  dryness-fraction  occurs  without  exception  throughout 
the  whole  series.  The  100-revolution  trial  however,  shows  deviation 
from  parallelism  to  the  other  trials  on  the  expansion  curve.  The 
condensation  is  less  and  the  re-evaporation  more  than  the  relative 
speed  would  indicate.  In  both  the  above  series  the  improvement  in 
the  dryness-fraction  due  to  increase  of  speed  diminishes  as  speed 
increases,  the  curves  for  the  higher  sjieeds  closing  up  upon  one 
another.  In  the  CC  series  this  is  still  more  marked,  the  expansion 
curves  for  the  three  higher  speeds  being  almost  identical,  so  that  at 
150  revolutions  per  minute  and  at  an  admission  temperature  of 
315^  F.,  the  effect  of  speed  upon  the  dryness-fraction  both  at  cut-off 
and  release  is  practically  reduced  to  zero.  On  the  DD  series  this 
point  is  still  further  emphasised,  at  100  and  1-50  revolutions  (the 
admission  temperature  being  350^  F.)  the  speed  seems  to  have  no 
further  effect  in  increasing  the  dryness-fraction  s  at  cut-off  and 
release. 

Turning  to  the  jacketed  series,  on  the  A  series  of  trials  at  lowest 
pressure  (the  mean  admission  temperature  for  all  the  trials  being 
about  245^  F.),  the  effect  of  the  jackets  is  at  once  apparent ;  all  the 
expansion  lines  being  brought  closer  to  the  theoretical  saturation  curve. 
All  the  trials  seem  to  show  closely  the  same  results  as  regards 
percentage  initial  condensation ;  the  jackets  have  therefore  produced, 
in  the  lowest  pressure  series,  the  same  result  of  closing  up  trials  at 
different  speeds  upon  one  another  that  was  shown  on  the  unjacketed 
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series  in  the  highest  pressure  series,  and  at  the  same  time  all  the 
trials  have  been  brought  closer  to  the  ideal  of  maximum  dryness 
fraction. 

On  the  B  series  of  trials  the  jackets  have  so  far  affected  the  result 
that  percentage  initial  condensation  seems  to  depend  no  longer  upon 
speed  but  upon  the  minor  accidental  conditions  under  which  the 
trials  are  run.  The  variations  in  dry n ess-fraction  are  smaller 
than  those  of  the  unjacketed  series  previously  referred  to.  With 
regard  to  the  C  trials  the  same  remarks  may  be  made,  and  so  also 
with  regard  to  the  D  series  at  the  highest  pressure.  All  the  trials 
snow  very  nearly  the  same  percentage  of  initial  condensation.  The 
jackets  therefore  have  so  far  influenced  the  result  as  practically  to 
eliminate,  except  at  the  lowest  speeds  and  pressures,  the  effect  of 
speed  upon  percentage  initial  condensation. 

If  the  diagrams  for  the  corresponding  jacketed  and  unjacketed 
trials  be  compared,  one  or  two  points  of  importance  are  apparent. 
Generally  the  expansion  curve  on  the  temperature  entropy  diagram 
for  the  unjacketed  trial  is  very  closely  parallel  to  that  of  its 
jacketed  counterpart,  showing  graphically  what  has  already  been 
noted  that  re-evaporation  during  expansion  is  as  great  on  the 
unjacketed  as  on  the  jacketed  trial.  In  some  cases  it  is  greater 
on  the  unjacketed  trial.  It  will  be  noticed  also  that  as  the  speed 
increases  for  any  pressure  the  diagram  for  the  unjacketed  trial 
closes  up  upon  its  jacketed  counterpart,  until  at  the  higher  pressure 
of  any  speed  the  two  come  comparatively  close  to  one  another.  In 
no  instance,  however,  does  the  unjacketed  diagram  reach  the  jacketed 
diagram  at  the  speed  or  pressure  included  within  the  range  of  the 
trials  until  the  jacket  steam  has  been  added  to  the  steam  passing 
through  the  cylinder. 

Further,  a  comparison  of  the  diagrams  accentuates  the  fact 
already  referred  to  that  both  total  condensation  and  dryness- 
fraction  generally  increase  with  increase  of  admission  pressure 
and  temperature  for  a  given  speed  on  the  unjacketed  trials.  This 
does  not  at  first  sight  aj)pear  logical. 

Eeferring  to  Tables  6  and  7  (pages  224  and  227)  however,  a 
probable  explanation  becomes  apparent.     Due  to  the  constant  ratio  of 
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expansion  the  range  of  temperature  between  cut-off  and  release 
does  not  increase  in  anything  like  the  same  ratio  as  the  increase 
of  initial  temperature.  Taking  the  50-revolutions  series,  the  range 
of  temperatures  during  expansion  on  the  lowest  pressure  trial, 
namely,  AA^  is  39^  F.,  on  the  second  pressure  trial  BB^  33°  F., 
on  the  third  CCi  46"  F.,  and  on  the  fourth  DDj  56"  F. 

This  increase  in  range  is  accompanied  bj  a  very  much  larger 
increase  in  the  difference  between  release  and  exhaust  temperatures. 
Following  the  trials  in  the  same  order — on  the  AA^  trial  the  drop 
from  release  to  exhaust  is  12"  F.,  on  the  BB^  41"  F.,  on  the  00^ 
68°  F.,  and  on  the  DD^  86"  F.  The  temperature  at  which  the 
cylinder  walls  and  end  surfaces  is  dry  will  be  lower  than  the 
temperature  of  release,  but  will  rise  as  the  temjierature  of  release 
rises,  and  it  may  be  assumed  upon  previous  evidence,  that  the 
surfaces  after  once  becoming  dry  are  not  reduced  in  temperature 
to  any  very  great  extent.  If  this  be  true,  the  range  of  variation  in 
the  temperature  of  these  surfaces  will  not  increase  in  anything  like 
the  same  ratio  as  that  in  which  admission  temperature  is  increased. 
At  the  lower  pressure  trials  therefore,  especially  at  the  lower  speeds, 
the  cylinder  walls  and  end  surfaces  will  not  become  dry  nearly  so 
quickly  nor  so  early  in  the  return  stroke  as  on  the  higher  admission 
pressure  trials,  even  if  they  become  entirely  dry  at  all. 

A  further  explanation  is  to  be  found  in  the  fact,  to  which  reference 
has  already  been  made,  tliat  the  higher  the  admission  pressure,  the 
larger  is  the  weight  of  steam  admitted  per  square  foot  of  surface.  On 
referring  again  to  Table  12  (page  236),  where  the  weight  of  steam 
present  per  1000  strokes  on  the  respective  trials  is  given,  it  will  be 
noted  that  on  any  speed  series  the  weight  of  steam  per  1000  strokes 
increases  in  a  nearly  constant  ratio ;  so  that  if  the  maximum  limit 
of  Condensation  is  reached  in  any  given  case,  the  dryness-fraction 
for  any  higher  pressure  must  of  necessity  increase  in  proportion  to 
the  increase  of  weight  of  steam  admitted  per  square  foot  of  surface. 
The  ratio  of  increase  of  the  dryness-fraction  for  a  given  rise  of 
pressure  will  also  be  affected  by  the  speed  ;  and  on  comparing  the 
different  speed  series,  very  interesting  information  is  obtained 
bearing   upon   the   pregnant    suggestions    thrown   out    by   Messrs. 
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Callendar  and  Nicolson.  On  the  jacketed  series,  as  the  whole 
phenomena  of  condensation  are  modified  by  the  raised  mean 
temperature  of  the  cylinder  metal  and  walls,  the  relative  efiect  of 
improved  dryness-fraction  due  to  increased  temperature  at  admission 
will  be  diminished,  and  it  is  therefore  found  that  on  the  diagrams 
for  the  jacketed  series  the  dryness-fraction  tends  to  vary  much  less 
and  less  regularly  than  in  the  unjacketed  series,  and  the  variation  at 
the  higher  speeds  is  in  many  cases  in  the  reverse  direction. 

Range  of  temperature  has  therefore  a  larger  eflFect  upon  the  initial 
condensation,  as  the  other  conditions  have  been  brought  closer  into 
equilibrium  by  the  introduction  of  an  artificially  raised  surface 
temperature,  and  causes  reduction  in  the  dryness-fraction  instead  of 
the  increase  shown  where  the  other  governing  conditions  are  more 
variable  and  more  powerful. 

As  the  speed  increases,  and  the  ranges  of  temperature  during 
expansion  at  the  various  pressures  close  up  to  one  another,  the 
difference  between  release  temperature  and  exhaust  becomes  less 
than  at  the  lower  speeds.  Added  to  this,  the  time  during  which 
condensation  and  cooling  can  take  place  is  reduced,  and  the  resulting 
benefit  is  shown  most  markedly  in  those  cases  which  at  the  slow 
speeds  were  worst,  namely,  on  the  low-pressure  trials. 

At  the  highest  speeds,  therefore,  the  difference  due  to  the  higher 
critical  dry  temperature  will  be  diminished,  and  the  indirect 
benefit  upon  initial  condensation  tends  to  be  neutralised  and  swamped 
by  the  larger  benefit  from  increased  speed  which  is  shared  in 
common. 

To  show  the  re-evaporation  during  expansion,  the  adiabatic  for 
the  mixture  of  steam  and  moisture  present  at  cut-off"  has  been  drawn 
upon  each  temperature-entropy  diagram,  and  the  projection  of  the 
toe  of  the  diagram  beyond  this  adiabatic  line  will  represent  the 
re-evaporation  due  to  regenerative  action  of  the  cylinder  walls. 
At  the  higher  speeds  of  the  jacketed  trials  an  interesting  point  is 
incidentally  shown.  There  is  a  general  tendency  for  the  dryness- 
fraction  at  cut-off  for  the  individual  trials  of  any  speed  series  to 
follow  an  adiabatic  curve,  so  that  the  dryness-fraction  for  intermediate 
trials  of  the  series  can  be  very  closely  predicted  from  that  found  at 
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either  extremity  of  the  range  of  pressure  by  drawing  an  adiabatic 
curve  for  the  given  proportions  of  steam  and  water  through  that 
extremity. 

On  Figs.  21  to  30  (pages  198-207)  the  leakage  deduction  has 
been  plotted  on  the  temperature  entropy  diagram,  showing  the  effect 
of  this  necessary  allowance  on  the  dryness-fractions  at  cut-off  and 
release. 

Diagrams  of  Steam  Consumption.  Willans  lines,  etc. — In  Fig.  40 
(page  245)  will  be  found  curves  in  which  the  ordinates  represent  pounds 
of  steam  used  in  the  cylinder  per  hour,  the  abscissae  representing 
revolutions  per  minute.  The  full  lines  represent  for  each  pressure 
series  the  total  measured  steam-consumption  per  hour  when  jacketed. 
The  dot  and  dash  lines  represent  the  corresponding  consumption, 
including  jacket  steam,  and  the  dash  lines  represent  in  corresponding 
units  the  consumption  when  unjacketed.  These  diagrams  simply 
confirm  the  results  obtained  by  Mr.  Willans  in  his  classical 
experiments,  and  graphically  show  how  the  weight  of  condensed 
steam  increases  as  the  mean  pressure — that  is  to  say,  as  the  work 
done  in  the  cylinder— increases.  In  the  present  case  including 
the  jacket  steam,  these  diagrams  show  that  at  the  higher  pressures 
and  temperatures  the  consumption  of  the  jacketed  engine  is  as 
large  as  the  unjacketed  even  at  the  lower  speeds.  An  approximate 
thermal  unit  scale  has  also  been  added  showing  the  comparison 
on  a  direct  heat  basis.  Figs.  41  and  42  give  the  corresponding 
values  of  steam  and  heat  units  consumed  on  an  effective  pressure 
base. 

Fig.  43  (page  247)  shows  the  total  weight  of  steam  per  hour  and 
the  B.Th.U.s  per  minute  consumed  by  the  engine  on  a  H.P.  base. 

General  Conclusions. — It  is  dangerous  to  draw  conclusions  of  too 
general  and  sweeping  a  character  from  experiments  upon  one  type  of 
engine  under  one  set  of  conditions,  but  it  may  fairly  be  claimed  that 
the  ground  covered  by  this  Eeport  has  never  previously  been  surveyed 
with  an  engine  showing  more  consistent  and  definite  results,  nor 
under  conditions  which  enabled  so  detailed  an  analysis  of  the  results 
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to  be  made.  It  may  therefore  be  anticipated  with  some  confidence  that 
the  definite  indications  shown  by  the  results  form  a  real  contribution 
to  the  present  knowledge  of  the  phenomena  accompanying  condensation 
and  re-evaporation  in  an  engine  cylinder  under  given  conditions  of 
jacketing.  The  points  which  have  been  elucidated  may  be 
summarised  as  follows : — 

Firstly,  leakage  through  the   slide-valve,  to  the  importance  of 
which  Messrs.  Callendar  and  Nicolson   have  drawn  attention,  has 


Fig.  42. — Total  B.Th.Units  per  minute. 
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been  quantitatively  determined  under  defined  conditions,  and  has  been 
shown  to  be  nearly  independent  of  speed  of  sliding  surface  and 
proportional  to  difference  of  pressure  between  the  two  sides  of  the  valve. 
Turther,  it  has  been  shown  that  the  assumption  that  the  leakage  is 
inversely  as  the  overlap  of  the  valve   is  at  least  in  the  main  well 
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Fig.  44. 
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founded.  And  further,  that  with  well  fitted  valves  the  leakage 
may  amount  to  over  20  per  cent,  of  the  steam  entering  the  cylinder, 
and  is  rarely  less  than  4  per  cent. 

Secondly,  it  has  heen  shown  that  for  an  unjacketed  engine  with 
a  given  ratio  of  expansion  initial  condensation,  expressed  as  a 
percentage  of  the  steam  in  the  cylinder,  diminishes  with  increase 
of  initial  temperature,  while  the  total  condensation  per  stroke 
increases  with  such  temperature  increase. 

This,  though  suggested  by  Messrs.  Callendar  and  Nicolson's 
researches,  has  never  previously  been  demonstrated  with  clearness, 
as  if  leakage  is  not  allowed  for,  the  results  are  obscured  and  even 
reversed,  and  the  conclusions  arrived  at  without  leakage  allowance 
are  therefore  unreliable. 

Thirdly,  it  appears  from  the  results  here  obtained  that  the 
re-evaporation  for  a  given  ratio  of  expansion  is  as  great  and 
sometimes  greater  without  jackets  than  with  them.  This  shows  very 
clearly  that  the  regenerative  action  of  the  cylinder  walls  with  a  given 
ratio  of  expansion  is  largely  independent  of  their  mean  temperature. 

No  quantitative  analysis  of  re-evaporation  is  possible  where 
leakage  is  not  taken  into  account,  as  without  the  necessary 
allowance  results  would  be  largely  illusory. 

Fourthly,  it  is  possible  from  the  results  obtained  to  show  the 
temperature  when,  for  any  speed  of  revolution  with  a  given  rate  of 
expansion,  the  jackets  will  become  unnecessary  or  wasteful.  If  the 
heat  units  per  I.H.P.  per  minute  required  by  the  unjacketed  engine 
for  each  speed  of  the  series  be  plotted  either  on  an  initial  pressure 
or  a  mean  effective  pressure  base  the  points  for  each  speed  will  be 
found  to  lie  on  four  curves,  which  become  closer  and  closer  to  one 
another  as  the  speed  increases,  and  all  converge  to  a  point  as 
pressure  or  temperature  increases.  If  the  heat  consumption  for  the 
jacketed  series  be  likewise  plotted,  it  will  be  found  that  the  points 
for  the  different  speeds  at  each  pressure  lie  irregularly  round  a  point, 
their  exact  position  being  determined  by  the  accidentally  slight 
variations  of  the  conditions  of  each  trial.  A  fair  curve  through 
the  means  of  these  points  will  lie  below  the  corresponding  curves  for 
the  unjacketed  trials,  but  if  the  heat  absorbed  in  the  jackets  be 
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included,  the  resultant  curve  cuts  the  unjacketed  curves  at  points 
which  for  each  speed  indicate  the  temperature  and  pressure  at 
which  the  jackets  cease  to  be  economical.  Such  curves  are  shown  on 
Figs.  44  and  45  (pages  248  and  249).  It  will  be  seen  that  the  full 
black  line,  which  is  the  resultant  mean  for  the  jacketed  trials,  cut's 
both  the  250  and  the  200-revolution  unjacketed  curves  within 
the  temperatures  and  pressures  included  within  the  scope  of  the 
present  experiments,  and  the  temperatures  and  pressures  where  the 
150,  100,  and  even  the  50-revolution  curves  would  cut,  can  very 
closely  be  predicted.  As  far  as  the  reporter  is  aware,  this  is  the 
first  time  when  an  exact  determination  for  a  given  engine  and  ratio 
of  expansion  of  this  point  has  been  diagrammatically  shown. 

In  conclusion,  the  reporter  wishes  to  thank  most  cordially  the 
assistants  who  have  so  generously  and  u]i grudgingly  spared  neither 
time  nor  thought  in  helping  him  in  the  arduous  work  of  these  trials 
extending  over  six  years,  and  in  working  out  and  co-ordinating  the 
results.  Without  their  aid  the  work  and  the  Eeport  would  have 
been  impossible.  To  Professor  H.  M.  Waynforth,  especially,  thanks 
are  due  for  many  excellent  and  fruitful  suggestions,  for  ungrudging 
assistance  in  currying  out  the  trials  and  looking  over,  correcting 
and  criticising  the  proofs,  and  to  Mr.  W.  Mason  for  the  care, 
thought,  and  originality  he  showed  in  carrying  out  the  reporter's 
suggestions  with  regard  to  the  leakage  trials  and  in  devising  the 
empirical  leakage  area  diagrams.  The  work  done  by  the  late  Mr. 
James,  whose  untimely  death  has  delayed  the  production  of  this 
Eeport,  and  has  been  a  very  serious  loss,  was  admirably  reliable. 
To  Mr.  Kiernan,  as  well  as  many  of  the  reporter's  students,  thanks 
are  also  due. 

The  Report  is  illustrated  by  45  Figs,  and  14  Tables  in  the 
letterpress,  and  is  accompanied  by  two  Appendices  (page  256). 
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APPENDIX  I. 

BEING  A 

REPOET   TO  THE 

STEAM-ENGINE   EESEARCH  COMMITTEE, 

ON  PEEVIOUS 

PEOGEESSIVE   SPEED   AND   PEESSUEE   TEIALS. 


By  Professor  DAVID  S.  CAPPER. 


(11  March  1896.) 

So  far  as  the  writer  has  been  able  to  discover  after  an  extended 
search  through  French,  German,  Ecglish,  and  American  records, 
only  three  series  of  steam-engine  experiments  have  been  carried  out 
at  progressive  speeds  and  pressures. 

Peahochj. — In  the  first  series  Professor  C.  H.  Peabody 
experimented  in  1884-5*  with  a  single-cylinder  non-condensing 
engine  of  the  Harris-Corliss  type  at  the  ]\Iassachusetts  Institute  of 
Technology.  The  cylinder  was  8  inches  diameter  and  24  inches 
stroke.  The  boiler  pressure  was  kept  nominally  constant  throughout 
at  70  lbs.  per  square  inch  above  atmosphere.  But  in  the  several 
trials  variations  occurred  between  68  and  75  lbs.  per  square  inch. 
The  cut-oflf  varied  from  1*29  to  14*8  per  cent,  of  the  stroke.  The 
speeds  adopted  were  23,  31,  36,  49,  and  50  revolutions  per 
minute.  Each  trial  lasted  about  1^  hour,  and  the  water  per 
indicated  horse-power  per  hour  was  measured  and  compared  with 
that  shown  upon  the  indicator  diagrams. 

Denton  and  Jacobus. — In  1888  Professors  J.  E.  Denton  and  D.  S. 
Jacobus  made  a  more  elaborate  series  of  trials  f  of  a  simple  non- 
condensing  engine,  with  cylinder  17  inches  diameter  and  30  inches 

*  Transactions,  American  Society  of  Mechanical  Engineers,  voL  7,  page  328. 
t  Transactions,  American  Society  of  Mechanical  Engineers,  vol.  10,  page  722. 
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stroke.  The  engine  was  built  to  drive  one  of  the  air  compressors  of 
the  Band  Drill  Co.  Trials  were  run  at  9,  11,  13,  17,  25,  60,  64,  and 
88  revolutions  per  minute,  with  a  boiler  pressure  of  90  lbs.  per 
square  inch  above  atmosphere.  The  cut-off  was  not  kept  constant, 
but  varied  from  one-eighth  to  half  stroke. 

A  further  series  of  trials  with  varying  pressures  was  run  at  a 
constant  speed  of  60  revolutions  per  minute,  the  pressures  being  90, 
60,  and  30  lbs.  per  square  inch  above  atmosphere,  and  the  cut-off 
varying  from  5  per  cent,  to  full  stroke.  The  lowest  consumption 
obtained  was  27  lbs.  of  water  per  brake  horse-power  hour,  and  the 
highest  39  lbs.  per  brake  horse-power  hour. 

Neither  of  the  above  series  strictly  furnishes  examples  of 
progressive  speed  and  pressure  trials  with  only  one  element  varying 
at  a  time ;  and  in  neither  case  could  condensing  trials  be  made. 

Willans. — The  trials  of  the  late  Mr.  Willans  cover  very  fully 
the  field  of  the  Committee's  proposed  investigations.  In  1887-8 
non-condensing  trials  *  were  made  ^vith  both  simple  and  compound 
engines  of  the  Willans  type  indicating  up  to  45  horse-power.  Trials 
were  made  at  400,  200,  and  100  to  120  revolutions  per  minute 
with  the  simple  engine,  and  at  pressures  of  50,  70,  90,  and  110  lbs. 
per  square  inch  above  atmosphere.  "With  the  compound  engine 
trials  were  likewise  run  at  each  of  the  above  speeds,  and  at 
pressures  of  90,  110,  and  130  lbs.  per  square  inch  above  atmosphere. 
The  ratio  of  expansion  however  was  altered  for  different  pressures, 
and  varied  from  2 "174  to  4*8  expansions. 

In  1891-2  a  much  more  extended  series  of  condensing  trials  f  at 
different  speeds  was  made  with  a  compound  engine.  The  speeds 
chosen  were  400,  300,  200,  and  100  revolutions  per  minute,  with 
pressures  of  180  to  35  lbs.  per  square  inch  above  atmosphere.  Sets 
of  experiments  with  varying  pressures  at  each  speed  were  carried 
out  with  each  of  the  following  expansions — 5,  10,  12  •36,  and  15*55. 
But  the  only  series  which  was  nearly  complete,  that  is,  where  trials 

*  Proceedings,  The  Institution  of  Civil  Engineers,  1887-8,  vol.  xciii,  page  128. 
t  Proceedings,  The  Institution  of  Ciyil  Engineers,  1892-3,  vol.  cxiv,  page  2. 


268  STEAM-ENGINE   RESEARCH.  March  1905. 

at  nearly  all  pressures  were  made  for  each  speed,  was  with 
5  expansions,  the  pressures  being  130,  100,  80,  60,  and  35  lbs.  per 
square  inch  above  atmosphere.  The  observations  made  were  very 
complete,  but  no  measurement  of  brake  horse-power  was  attempted. 

The  proposed  trials  of  the  Committee  therefore  will  cover  much 
the  same  ground  as  those  of  Mr.  Willans,  but  at  lower  speeds.  They 
will  however  be  made  with  a  difterent  type  of  engine  ;  the  cut-off 
should  be  kept  constant  throughout  the  whole  of  the  experiments, 
condensing  and  non-condensing  ;  and  all  results  should  be  measured 
as  a  function  of  effective  power,  *  so  as  to  eliminate  the  serious 
uncertainty  which  attaches  to  indicator  readings. 

APPENDIX  II. 

Main  Dimensions  of  High-Pressure  Valves,  &c. 

(See  Fig.  46,  page  259.) 

2  Expansion  Plates,  each  2g%  inches  wide. 
Throw  of  JIain  Valve  Eccentric,  2|  inches. 
Throw  of  Expansion  Valve  Eccentric,  2|  inches. 
Angle  of  Advance  of  Main  Valve  Eccentric,  30°. 
Angle  of  Advance  of  Expansion  Valve  Eccentric,  90°. 
Length  of  Connecting-rod  of  Engine,  3  feet  lOJ  inches. 
Stroke  of  Engine,  14  inches. 


*  In  actual  working  it  was  found  that  at  the  lowest  speeds  and  pressures  the 
effective  horse-power  was  so  small  that  differences  in  lubrication  of  the  brake 
blocks,  etc.,  made  a  relatively  large  difference  in  the  power.  Moreover  on  some 
of  these  trials  the  large  fly-wheel  which  was  discounectid  was  found  slightly  to 
have  touched  the  end  of  the  shaft  at  one  point,  so  that  the  brake  horse-power 
was  affected.  The  brake  horse-power  on  these  trials  therefore  has  been  omitted. 
After  careful  consideration  and  examination  of  the  preliminary  trials  it  was 
evident  that  at  the  lowest  powers  the  specially  calibrated  indicators  were  giving 
records  which  were  more  reliable  than  those  of  the  brake  and  spring  balances, 
and  it  was  therefore  decided  to  express  results  in  terms  of  indicated  instead  of 
brake  horse-power. 
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Fig.  46. 
Diagram  giving  dimensions  of  Ports. 


Expansion  Valve  Face 
of  Main  Valve. 


Face  of  Main  Valve  which  works 
on  Engine  Valve  Face. 


■Ports  central  for  height 


Discussim  on  lltTi  March  1905. 

The  Pbesident  said  the  members  had  met  to  hear  the  First 
Keport  to  the  Steam-Engine  Eesearch  Committee  by  Professor 
Capper.  This  Committee  was  appointed  nearly  nine  years  ago, 
and  then  consisted  of  the  following  gentlemen  :-Prufessors  Kennedy 
and  Capper,  Messrs.  Bryan  Donkin,  Longridge,  Mair-Eumley  and 
Maw.      The  present  members  of  the  Committee   were   Mr.   Maw, 


k 
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(The  President.) 

Professor  Capper,  Mr.  Davey,  Professor  Kennedy,  Mr.  Michael 
Longridge,  Mr.  Mair-Kumley  and  Captain  Sankey.  He  anticipated 
that  the  Report  would  be  received  with  great  attention,  and  would 
give  rise  to  a  good  discussion.  He  thought  that,  from  the  applause 
that  had  greeted  the  reading  of  the  Paper,  the  members  would  agree 
with  him  that  a  most  hearty  vote  of  thanks  was  due  to  Professor 
Capper  for  his  able  and  most  interesting  Report. 

The  resolution  of  thanks  was  carried  by  acclamation. 

Captain  H.  Riall  Sanket,  in  opening  the  discussion,  remarked 
that  the  author  had  said  that  Mr.  Macfarlane  Gray  had  called 
Fig.  48  a  temperature-entropy  chart;  this  was  an  error,  he  had 
named  it  the  6  4>  chart.  Professor  Capper  had  suggested  it  should 
be  called  a  heat  chart,  but  in  reality  it  was  more  than  this  so  soon  as 
the  constant- volume  lines  were  added,  because  the  area  between  these 
lines  gave  the  work  done  by  or  on  the  substance  during  transformation 
from  one  state  to  another,  while  the  area  between  the  adiabatics  gave 
the  heat  change  during  the  transformation.  The  author  had  explained 
(page  243)  how  the  re-evaporation  during  the  expansion  could  be 
exhibited  on  the  chart,  and  it  would  be  interesting  to  see  how  this 
actual  re-evaporation  compared  with  the  theoretical  re-evaporation. 
Willans  in  his  Paper  on  Steam-Engine  Trials  *  had  shown  how  the 
theoretical  re-evaporation  line  could  be  found.  In  Fig.  47,  if  A  B 
were  the  initial  temperature  of  the  steam,  and  A^  B^  were  the 
exhaust  temperature,  and  the  point  C  represented  the  dryness  or 
quality  of  the  steam  at  cut-oflf,  the  line  C  R  would  be  the  re- 
evaporation  line  required  ;  it  was  a  curve  similar  to  the  water  line 
of  the  chart,  inverted.  It  would  be  seen  that  the  point  R  was 
approximately  at  the  foot  of  the  adiabatic  drawn  through  B,  and  for 
most  practical  purposes  a  straight  line  drawn  from  C  to  the  foot  of 
the  adiabatic  was  sufficiently  accurate.  This  construction  had  been 
applied  to  Fig.  48,  the  point  B  being  taken  as  the  top  left-hand 
corner  of  the  leakage  diagram,  and  the  adiabatic  had  been  drawn 
down  to  the  exhaust  temperature  corresponding  to  the  line  Aj^  B^  in 

*  Proceedings,  The  Institution  of  Civil  Engineers,  1892-3,  vol.  cxiv,  page  2. 
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Fig.  47.  The  approximate  re-evaporation  lines  were  shown  by  the 
dotted  lines  in  Fig.  48,  and  it  would  be  seen  that  in  the  first 
case  (trial  DDo)  the  actual  re-evaporation  line  lay  somewhat  to  the 
right  of  the  theoretical  at  its  lower  extremity ;  in  the  second  case 
(trial  CC2)  the  two  lines  were  fairly  close  together ;  in  the  third  case 
(trial  BBo)  the  actual  re-evaporation  line  fell  short  of  the  theoretical 
at  the  beginning  of  the  expansion,  but  it  came  up  to  it  again  at  the 


Fig.  47. 


Fig.  48. 

Temperature  Entropy  Diagrams. 

Trials  AA„,  BB.,,  CCo,  DD.,  Unjacketed. 

(See  Fig.  24,  page  201,  icith  dotted  lines  added.) 


100  Revs.  DD2. 


Entropy 


moment  of  release.  In  the  last  case  (trial  AA,)  the  actual  re- 
evaporation  was  considerably  less  than  the  theoretical  during  the 
whole  of  the  expansion.  Strictly  speaking,  the  actual  re-evaporation 
should  always  be  less  than  the  theoretical,  and  in  general  it  was  so. 
In  the  present  case,  however,  owing  to  the  engine  being  worked  with 
the  same  number  of  expansions  for  all  the  trials,  the  release  pressure 
was  high  in  the  first  two  trials,  causing  a  considerable  drying  action 
on   the   walls   and   assisting   the  re-evaporation.      In    trial    AAg, 
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(Captain  H.  Riall  Sankey.) 

however,  this  drying  action  did  not  occur ;  there  was  obviously  a 
considerable  amount  of  water  in  the  cylinder,  and  the  re-evaporation 
was  sluggish.  As  minor  reasons,  there  was  the  leakage  into  the 
cylinder  during  expansion  to  be  taken  into  account,  this  leakage 
would  be  greater  at  the  higher  pressures,  as  there  would  then  be  a 
greater  drop  of  pressure  in  the  cylinder  during  expansion.  Lastly, 
the  leakage  correction  was  stated  by  Professor  Capper  to  be  somewhat 
too  great,  which  would  cause  the  point  R  to  be  situated  too  much  to 
the  left,  aud  the  error  in  the  approximate  method  employed  for 
drawing  the  theoretical  re-evaporation  line  was  in  the  same  direction. 
It  would  be  found  that  similar  results  to  the  above  would  be  obtained 
by  drawing  the  evaporation  lines  on  Figs.  22,  26,  28  and  30 
(pages  199  to  207).  The  construction  shown  in  Fig.  48  (page  261) 
could  also  be  applied  to  the  jacketed  trials,  and  it  would  be  seen 
that  in  every  case  the  re-evaporation  extended  far  beyond  the 
theoretical,  more  particularly  so  in  the  trials  at  low  pressures,  trial  Aj 
for  instance.  The  reason  was  obvious :  there  was  less  condensation, 
and  the  heat  from  the  jacket  drew  the  expansion  line  more  to  the 
right.  In  the  case  of  trial  A2  there  was  another  reason — the 
steam  had  been  considerably  throttled,  therefore  eddies  would  be 
produced,  and  the  energy  in  these  eddies  on  reappearing  as  heat 
would  have  the  same  effect  on  the  expansion  line  as  if  re-evaporation 
had  taken  place.  The  same  remark  applied  to  trial  Bj  in  a  less 
degree. 

Returning  to  Fig.  47  (page  261),  if  an  adiabatic  were  drawn  from 
C  to  cut  the  constant-volume  line  a  triangle  would  be  cut  off  (shaded 
vertically)  which  would  represent  the  heat  units  gained  by  the 
re-evaporation.  If  the  condensation  had  been  less,  as  for  example  as 
represented  by  the  point  C,  the  theoretical  re-evaporation  would 
have  been  less  as  shown  by  the  line  C'R,  but  the  release  would  have 
been  at  a  lower  pressure  on  the  assumption  that  the  ratio  of  expansion 
was  the  same.  Since  the  volume  at  C  was  greater  than  at  C  the 
point  of  release  could  be  found  by  the  intersection  of  the  line  C'R  of 
the  lower  volume  line  shown  in  Fig.  47  at  the  point  D',  and  the  area 
shaded  horizontally  represented  the  gain  in  heat  units  due  to  having 
less  condensation.     He  thought  that  the  above  showed  very  clearly 
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that  altbougli  a  little  good  was  obtained  by  re-evaporation,  the  way  to 
get  an  economical  engine  was  to  reduce  tbe  condensation.  (See 
page  276.) 

Mr.  Michael  Longridge,  Member  of  C  mncil,  was  sure  all  the 
members  would  agree  with  him  that  the  Eeport  was  a  very  difficult 
one  to  follow,  and  required  more  study  than  he  and  perhaps  many 
other  meiiibers  had  been  able  to  give  to  it.  He  therefore  proposed 
to  limit  his  remarks  to  one  point,  namely  the  first  of  the  author's 
conclusiuns  (page  246)  that  leakage  through  the  slide-valve,  to  the 
importance  of  which  Messrs.  Callendar  and  Nicolson  had  drawn 
atteution,  had  been  quantitatively  determined  under  defined 
conditions,  and  had  been  shown  to  be  nearly  independent  of  speed  of 
sliding  surface  and  proportional  to  difference  of  pressure  between  the 
two  sides  of  the  valve.  The  leakage  question  had  taken  up  a  very 
large  part  of  the  Eeport,  and  he  thought  rightly  so,  because  upon  the 
acceptance  or  denial  of  the  figures  given  depended  the  whole  results 
of  the  Export.  He  did  not  wish  to  question  the  accuracy  of 
Professor  Capper's  observations,  but  he  would  like  to  point  out  that 
the  statement  that  leakage  was  proportional  to  difference  in  pressure 
was  hardly  confirmed  by  the  measurements  recorded  in  the  Eeport. 
These  showed  that  the  observed  leakages  were  nearly  proportional  to 
the  square  root  of  the  difference  of  pressure.  At  a  meeting  some 
time  ago  he  had  occasion  to  speak  of  the  theory  of  leakage,  both  of 
saturated  and  superheated  steam,  and  he  suggested  that  the  velocity 
of  flow  through  any  leakage  oj^ening  would,  like  the  velocity  of  flow 
in  any  other  case,  be  proportional  to  the  square  root  of  the  head.  He 
thought  the  curves  on  Fig.  32  (page  212)  confirmed  that  view.  These 
Curves  \vere  practically  parabolas,  the  leakage  in  the  first  case,  namely, 
when  the  ends  of  the  cylinders  only  were  jacketed,  being  equal  to  4  •  1 
times  the  square  root  of  the  difference  of  pressure  ;  and  in  the  second, 
when  the  cylinders  were  completely  jacketed,  equal  to  3 '46  times 
the  square  root  of  the  difference  of  pressure.  He  thought  the  curves 
were  more  reliable  guides  than  the  figures  in  the  Eeport,  because 
they  eliminated  the  irregularities  which  the  measured  leakages 
shovved.     The  observed  leakages  had  been  used  to  calculate  Callendar 

V  2 
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and  Nicolson's  factor  C  which  was  equal  to  ^I!^P^  x  i^?^M^^^L 

perimeter       pressure  dinerence 

and  the  results  of  the  calculations  were  given  in  Table  5  (page  221). 

They  varied  by  about  100  per  cent.,  namely  from  0'032  to  0"014. 

If  in  the  above  formula  they  substituted  square  root  of  pressure 

difterence  for  pressure  differences,  they  would  find  that  the  resulting 

values  for  C  became  practically  constant,  though  of  course  differing 

from  Callendar's  value  0  ■  02.   That,  however,  was  merely  a  question  of 

formulfe,  and  not  very  important.     The  important  point  was  whether 

such  leakages  as  20  per   cent,  actually  did   exist   under   ordinary 

conditions ;    and  he  must    say  that    notwithstanding   the   evidence 

brought  forward   in  the  Keport,  and   in  Callendar  and   Nicolson's 

Paper,  he  could  not  believe  it.     He  thought  that  in  the  present  case 

the  leakages  were  to  a  certain  extent  abnormal,  because  there  was  no 

current  of  steam  passing  through  the  steam-chest  in  which  the  valve 

worked.     In  that  case  a  good  deal  of  water  would  collect  in  the  chest, 

would  lie  about  the  valves,  and  be  gradually  sucked  in  by  the  small 

leakage  between  the  valve  and  its  face ;  and  whether  the  velocities 

varied  as  the  square  roots  of  the  pressures  or  as  the  pressures,  the 

quantity  going  through  the  leakage  opening  would  be  very  much 

larger  when  the  material  going  through  was  water  than  when  it  was 

steam,  because  the  weight  of  a  given  volume  of  water  was  many 

times  that  of  an  equal  column  of  steam. 

In  tbe  Annual  Eeport  of  the  Council  just  presented  it  was  stated 

that  tbe  question  as  to  whether  the  research  should  be  continued  and, 

if  so,  in  what  direction,  would  be  considered  after  the  discussion  of 

this  Report.     He  sincerely  hoped  the  work  would  be  continued  ;  and 

if  he  might  do  so  without  appearing  to  dictate   to   the   Eesearch 

Committee,  he  would  use  this  occasion  to  suggest  what  the  next  step 

should  be,  so  that  members,  having  the  needs  of  the  Committee  put 

before  them,  might  be  induced  to  assist  in  providing  the  necessary 

^apparatus.     In  his  opinion  this  leakage  question  barred  the  way  to 

jfurther  progress  and  required  further  investigation;   and  the  best 

way  of  investigating  it  would  be,  he  thought,  to  have  a  number  of 

v-alve-chests  of  various  descriptions  made,  each  chest  to  have  a  port 

leading  into  a  chamber  in  which  leakage  might  be  collected,  a  valve 

— Corliss,  piston,  slide,  or  double-beat,  as  the  case  might  be — with 
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sufficient  lap  to  work  witliout  uncovering  the  port,  and  a  nozzle  at 
each  end,  with  a  flange  to  bolt  to  a  steam  pipe.  Such  experimental 
valve-chests,  placed  in  circuit  in  a  steam  main  supplying  an 
ordinary  engine,  and  experimented  on  with  a  current  of  steam  always 
flowing  through,  would  not  only  give  evidence  as  to  the  extent  of 
leakage  but  would  show  how  leakage  was  affected  by  workmanship, 
and  which  kind  of  valve  leaked  least. 

Mr,  E.  H.  Willis  thought  that  for  purposes  of  reference  it  was 
handy  to  call  the  diagram  to  which  Captain  Sankey  had  referred  a 
theta-phi  diagram  rather  than  a  temperature-entropy  diagram,  and  it 
was  shorter  to  write.  The  remark  applied  perhaps  almost  more  to 
gas-engine  work  than  to  the  subject  under  discussion.  It  was  just  as 
handy  to  refer  to  for  heat  pui'poses  as  the  ordinary  indicator  card  was 
for  power,  but  it  was  rather  more  difficult  to  plot.  There  was  no 
question  at  all  as  to  its  value,  and  it  seemed  to  be  coming  more  and 
more  into  use.  He  thought  the  Eeport  was  quite  an  epoch-making 
one,  and,  as  the  author's  results  so  far  bore  out  Professor 
Callendar's,  there  was  no  doubt  that  the  leakage  question  was  the 
one  which  had  to  be  considered.  The  most  interesting  point  would  be 
to  see  how  it  referred  to  piston-valves,  because  modern  piston-valves 
had  such  very  large  surfaces  relative  to  the  surface  in  the  cylinders. 

Mr.  Edwaed  C.  db  Segundo  said  that  there  were  many  points  in  the 
Eeport  which  were  highly  suggestive,  and  which  deserved  very  full 
consideration,  and  he  cordially  agreed  with  one  of  the  speakers  that 
it  was  impossible  to  discuss  usefully  such  a  Paper  without  having 
Jiad  more  time  to  digest  the  contents  thereof  than  had  been  afforded 
to  members.  Nevertheless,  if  he  might  be  allowed  to  refer  to  one 
point  in  it,  he  would  like  to  say  that  he  was  glad  to  see  the  author 
had  tabulated  the  efficiency  of  the  engine  on  the  basis  of  the  Carnot 
cycle  as  well  as  on  that  of  the  Eankine  cycle.  It  savoured  rather  of 
heterodoxy  to  call  into  question  the  decision  of  the  Committee  which 
was  appointed  by  the  Institution  of  Civil  Engineers  to  report  upon 
the  Thermal  Efficiency  of  Steam-Engines,  at  the  same  time  he  could 
not  help  thinking  that  for  the  purposes  of  busy  men,  the  Carnot 
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cycle  was  a  very  useful  basis  upon  whicli  to  calculate  the  efficiency 
of  an  engine.  He  admitted  that  the  Rankine  formula  more 
accurately  represented  the  conditions  under  which  steam  was  used 
in  an  engine,  but  although  with  high  temperatures  the  discrepancy 
between  the  efficiency  calculated  on  the  Rankine  basis  and  on  the 
Carnot  basis  was  very  marked  indeed — in  the  case  of  the  gas-engine 
particularly  so — still,  after  all,  the  Carnot  cycle  represented 
perfection  of  action  between  given  temperature  limits  and  was 
alluringly  simple,  \vbereas  the  Raukine  formula  strove  to 
approximate  to  actual  conditions  but  was  decidedly  complicated  in 
comparison. 

With  regard  to  the  theta-phi  diagram,  he  would  like  to  ask 
Captain  Sankey  if  he  (the  speaker)  understood  correctly  that  in  such 
a  diagram  the  action  of  the  boiler  was  taken  into  account  as  well  as 
the  action  of  the  engine.  It  appeared  to  him  that  in  the  diagram 
they  were  dealing  with  the  change  of  state  of  one  pound  of  the 
working  fluid  through  the  whole  cycle  from  the  fued-water  through 
the  boiler,  through  the  engine,  and  back  to  the  feed-water  temperature. 
Many  people  had  a  sort  of  idea  that  the  thcta-phi  diagram  was  a 
sort  of  modification  of  the  ordinary  indicator  diagram  and  that  it 
referred  only  to  the  action  of  the  steam  in  the  engine,  but  that  was 
not  the  case. 

Captain  Sankey  said  it  was  not  quite  the  case. 

Mr.  Skgundo  said  that  that  was  an  interesting  point.  He  wished 
to  be  allowed  to  add  his  tribute  of  praise  to  that  which  had  already 
been  given  to  the  author  for  his  very  interesting  and  important 
Paper  ;  and  to  record  his  opinion,  as  a  man  who  had  some  experience 
of  experimental  work,  that  it  was  quite  impossible  from  a  perusal  of 
the  Paper  to  form  any  adequate  idea  of  the  immense  amount  of  time 
and  trouble  involved  in  obtaining  and  collating  the  results  of  the 
experiments,  and  for  these  reasons  he  thought  Professor  Capper  and 
his  assistants  deserved  the  very  hearty  thanks  of  the  Members. 
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Mr.  Deuitt  Halpin  exhibited  a  series  of  photographs  and  blue 
prints  of  an  experimental  engine  at  Montreal  which  had  four 
cylinders.  Several  details  were  shown  on  Plate  6.  One  of  the 
peculiarities  of  the  engine  was  that  the  steam  could  work  through  the 
cylinders  in  any  sequence,  and  that  the  cylinders  could  be  worked 
jacketed  or  unjacketed,  or  that  any  ratio  of  exjjansion  could  be 
obtained.  The  angle  between  the  cranks  of  the  two  engines  could 
also  be  altered.  Some  of  the  principal  parts  of  the  engine  were 
shown  on  the  blue  prints  on  the  wall,  but  there  was  one  peculiarity 
to  which  he  wished  to  refer.  An  arrangement  was  shown  on  the 
first  sheet  by  which  the  volume  of  the  clearance  was  altered.  The 
clearance  could  be  altered  from  1"2,  the  normal  amount,  up  to 
7*25  per  cent.,  by  variation  of  the  position  of  the  piston  in  the  false 
clearance  cylinder.* 

The  President  thought  the  Report  was  so  important  that  it 
would  be  better  to  postpone  the  discussion  to  an  extra  Meeting  on 
31st  inst.,  which  would  give  an  opportunity  to  the  Members,  he 
was  going  to  say  to  understand,  but  at  any  rate,  to  digest  this  very 
interesting  Paper. 


Discussion  on  Friday,  olst  March  1905. 

Mr.  William  H.  Maw,  Past-President,  in  resuming  the  discussion, 
said  he  was  very  glad  to  have  the  opportunity  of  saying  a  few  words. 
In  the  first  place,  he  emphasised  the  remarks  of  the  President  on  the 
last  occasion,  as  to  the  indebtedness  of  the  Institution  to  the  author 
'for  all  he  had  done  in  connection  with  the  Report.  Everyone  knew 
that  when  a  man  undertook  the  office  of  a  Reporter  to  a  Research 
Committee,  he  let  himself  in  for  a  very  large  amount  of  work.  But 
in  the  present  case  circumstances  had  arisen  which  rendered  the 
labour  quite  exceptional.  In  the  first  place,  as  stated  in  the  Report 
itself,  the  original  programme  laid  down  under  the  Chairmanship  of 
Mr.  Donkin  had  to  be  modified,  in  consequence  of  the  Committee 

*  See  Proceedings  1905,  Part  1,  page  82. 


268  STEAM-ENGINE  RESEARCH.  31  March  1905. 

(Mr.  William  H.  Maw.) 

not  obtaining  the  experimental  engine  which  it  was  originally 
expected  would  be  available.  Professor  Capper  then  came  to  the 
rescue  by  placing  the  engine  at  King's  College  at  the  disposal  of 
the  Committee,  and  it  was  necessarily  felt  that  the  rearrangement  of 
the  experiments  must  be  left  largely  in  his  hands.  Then  when  the 
researches  were  commenced,  the  author  found  great  difficulty  in 
consequence  of  the  leakage  through  the  valves,  and  that  led  him  to 
carry  out  the  very  extensive  series  of  experiments  on  valve  leakage 
which  were  embodied  in  the  Report.  Those  experiments  involved 
an  enormous  amount  of  personal  work  to  the  author.  Then  the 
Committee,  as  the  Members  knew,  lost  the  services  by  death  of  their 
friend  Mr.  Bryan  Donkin,  which  again  deranged  the  programme  to  a 
very  large  extent,  and  eventually  it  came  to  pass  that  practically  the 
whole  work  of  carrying  out  the  experiments  rested  with  the  author, 
and  the  Report  was  essentially  a  one-man  Report,  that  one  man 
being  Professor  Capper.  The  Institution  thus  owed,  he  thought,  an 
exceptional  debt  of  gratitude  to  the  author  for  the  work  he  had  so 
ably  carried  out.  Last  year,  when  the  Committee  resumed  its 
meetings,  and  he  (Mr.  Maw)  was  elected  Chairman,  it  was  found 
that  Professor  Capper  had  accumulated  an  enormous  amount  of  data, 
and  it  was  the  duty  of  the  Committee  not  to  arrange  the  experiments, 
but,  in  consultation  with  the  author,  to  determine  how  much  of  that 
experimental  data  should  be  published.  The  Report,  as  the 
Members  had  seen,  was  a  very  extensive  one,  and  dealt  with  an 
enormous  number  of  experiments,  but  it  only  represented  a  very 
small  amount  of  the  information  which  the  author  had  collected. 
He  thought  that  no  one,  except  perhaps  the  Members  of  the 
Committee  who  had  had  the  opportunity  of  going  through  the  whole 
of  the  original  documents,  had  any  idea  of  the  amount  of  work  that 
had  been  expended  in  obtaining  the  results  laid  before  the  Members 
in  the  Report. 

Reference  was  made  at  the  previous  meeting  to  the  fact  that  in 
the  last  xVnnual  Report  of  the  Council,  it  was  stated  that  the  future 
of  the  Steam-Engine  Research  Committee  depended  largely  upon  the 
results  of  the  discussion  on  the  Report  now  before  the  meeting.  It 
thus  followed  that  the  Report  should  be  discussed  from  two  points  of 
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view ;  first,  from  what  lie  might  call  the  author's  point  of  view, 
namely,  a  discussion  of  the  facts  set  forth  in  the  Eeport,  and 
criticisms  on  them — and  he  was  sure  that  nothing  would  delight  the 
author  of  the  Paper  more  than  that  they  should  be  very  fully  and 
thoroughly  discussed — and  secondly,  a  discussion  from  what  he 
might  call  the  Committee's  point  of  view,  that  is,  an  expression  of 
opinion  as  to  the  way  in  which  the  work  of  the  Eesearch  Committee 
could  be  best  carried  on  in  the  future.  The  Eeport,  extensive  as  it 
was,  practically  only  touched  the  fringe  of  the  great  subject  of 
Steam-Engine  Eesearch.  Apart  from  the  experiments  on  valve- 
leakage  loss,  which  formed  such  an  important  portion  of  it,  it 
consisted  really  of  experiments  on  the  high-pressure  half  of  the  engine 
at  King's  College,  and  of  that  half  used  only  as  a  non-condensing 
engine.  It  thus  by  no  means  exhausted  the  amount  of  information 
which  might  be  obtained  from  that  particular  engine,  while  it  left 
quite  untouched  the  fiirther  information  that  could  be  obtained 
from  similar  experiments  carried  out  on  engines  of  larger  size. 

In  speaking  of  the  leakage  experiments  at  the  last  meeting,  he 
thought  Mr.  Longridge  rather  threw  doubt  on  the  absolute  accuracy 
of  a  leakage  of  20  per  cent,  being  possible  in  the  slide-valves.  He 
thought  for  the  moment  Mr.  Longridge  had  overlooked  the  fact  that 
that  loss  of  20  per  cent,  took  place  when  the  engine  was  being 
worked  at  an  exceptionally  low  power,  only  {.  H.P.,  and  the 
consequence  was  that  the  leakage,  which  was  almost  a  constant 
leakage  per  hour  under  a  certain  pressure,  then  formed  a  very  large 
proportion  of  the  whole  steam  used  in  the  engine.  If  reference  was 
made  to  the  results  recorded  in  Table  13  (pages  252-253  j,  it  would  be 
*  found  that  for  the  A  series  of  experiments  the  difference  between  the 
steam  passed  through  the  cylinders  per  hour,  and  the  steam  per 
hour  after  deducting  the  leakage,  was  almost  exactly  10  lbs.  in  all 
cases.  That  10  lbs.  formed  a  very  large  percentage  in  the  case  of 
the  low-power  trials,  and  was  roughly  about  20  per  cent.  In  the  A^ 
trials,  that  leakage  (which  was  just  about  the  same  in  that  case  per 
hour)  was  only  about  3|  per  cent.  He  thought  at  the  moment 
Mr.  Longridge  did  not  take  that  particular  fact  into  consideration. 
Mr.  Longridge  had  rather  doubted  whether  experiments  on  valve 
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leakage  conducted  in  what  he  might  call  a  dead  end,  without  any  flow 
through  the  chest  containing  the  valve,  were  quite  to  be  depended  on. 
It  was  a  matter  which  he  himself  had  at  first  had  somo  doubt  about, 
but  looking  at  the  experiments  he  felt  bound  to  say  that  those  doubts 
had  disappeared  He  thought  the  experiments,  with  some  trifling 
exceptions,  were  very  consistent,  and  it  did  not  seem  as  if,  with 
proper  drainage  of  the  steam-chest,  the  fact  of  there  not  being  a  flow 
through  was  any  disadvantage. 

There  was  one  thing  in  the  leakage  experiments  that  had  struck 
him  as  rather  remarkable,  and  he  would  like  the  author  to  kindly 
say  a  word  or  two  more  about  it  in  reply,  namely,  the  very  marked 
difference  between  the  leakage  with  the  valve  lubricated  and  the 
valve  not  lubricated.  Where  there  was  a  flow  of  steam  through  a 
steam-chest,  it  was  not  difficult  to  get  a  fairly  good  distribution  of 
the  lubricant  over  the  valve,  but  where  the  valve  was  working  in 
the  steam-chest,  without  any  flow,  it  seemed  to  him  difficult  to  get 
the  lubricant  distributed  over  the  valve-face.  The  fact  that  in  the 
particular  series  of  experiments  under  discussion  there  was  such  a 
very  marked  difference  between  the  lubricated  valve  and  the  non- 
lubricated  valve,  showed  that  somehow  or  other  the  lubrication  had 
been  effectively  realised  and  lie  would  like  to  ask  the  author  kindly 
to  say  how  the  lubrication  was  arranged. 

There  was  another  question  he  would  like  to  direct  the  author's 
attention  to,  namely,  the  tpestion  of  the  steam  through  the  jackets. 
He  thought  perhaps  it  would  be  a  desirable  addition  to  the  Table  13 
(pages  252-253)  if  the  pressure  in  the  jackets  during  each  series  of 
experiments  was  stated.  He  thought  it  had  been  given  in  some  of 
the  original  papers,  but  it  was  not  stated  in  the  Report  as  published, 
and  he  thought  the  information  had  better  be  supplied.  Apparently 
there  was  rather  an  exceptional  amount  of  steam  used  in  the  jackets 
in  the  case  of  Experiment  A^,  namely,  44  lbs.  per  hour,  while  in 
the  next  experiment,  A2,  it  was  only  14^  lbs. ;  44  lbs.  seemed  rather 
an  exceptional  figure,  but  there  might  be  some  reason  for  it.  He 
wished  especially  to  draw  the  attention  of  the  Members  to  Fig.  45 
(page  249),  which,  he  thought,  was  one  of  the  most  valuable  diagrams 
they  had  ever  had  put  before  them.  It  summarised  the  author's 
deductions  in  the  most  admirable  way. 
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Passing  to  what  he  might  call  the  Committee's  view  of  the 
Report,  he  would  like  to  say — it  was  merely  an  individual  opinion, 
not  the  opinion  of  the  Committee,  because  he  had  not  had  an 
opportunity  of  consulting  them — that  the  Report  now  under 
consideration  pointed  to  the  desirability  of  amalgamating  the  Steam- 
Engine  Research  Committee  with  the  Steam-Jacket  Committee. 
As  the  members  knew,  a  Committee  of  the  Institution  had  been  in 
existence  for  some  years  dealing  with  experiments  on  steam-jackets, 
and  he  believed  that  a  further  Report  from  the  Committee  would 
be  forthcoming  in  the  course  of  a  few  months.  After  that 
Report  was  issued,  he  thought  it  would  be  well  worth  the 
consideration  of  the  Institution  whether  the  two  Committees  should 
not  be  amalgamated.  The  work  of  the  two  Committees  overlapped 
in  a  number  of  points,  and  he  thought  it  would  be  difficult  for  them 
to  carry  on  their  work  independently  without  a  considerable  waste 
of  time  and  energy.  That  was  a  point  upon  which  Mr.  Davey,  who 
was  the  Chairman  of  the  Steam-Jacket  Committee,  might  like  to  say 
something  later. 

Then  the  question  arose  as  to  the  future  of  the  Steam-Engine 
Research  Committee  As  he  had  already  said,  the  Committee  had 
only  just  touched  on  one  very  small  portion  of  the  researches  open 
to  them,  and  it  was  quite  evident  that  the  resources  of  such  a 
Committee,  as  it  at  present  existed,  were  not  equal  to  carrying  out 
a  thorough  series  of  researches  in  anything  like  a  moderate  time. 
He  therefore  thought  it  was  open  to  question  whether  they  should 
not  endeavour  to  enlist  the  assistance  of  some  workers  who  had 
(Jther  experimental  engines  available,  and  see  whether  they  could 
not  arrange  fi)r  some  simultaneous  series  of  organized  experiments 
to  be  carried  out,  which  should  be  submitted  to  a  Central  Committee 
for  consideration.  There  were  a  number  of  experimental  engines  in 
the  country,  and  if  they  could  get  the  gentlemen  in  charge  of  those 
engines  to  carry  out,  independently,  different  branches  of  research, 
the  whole  operations  of  the  Committee  might  be  very  greatly 
shortened. 

Mr.  C.  E.  Stromeyer  said  he  would  like  to  touch  on  the  point 
last  raised  by  Mr.  Maw,  and  to  ask  whether  it  would  not  be  possible 
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to  continue  the  trials  on  a  large  scale.  He  felt  sure  that  some 
manufacturers  would  be  willing  to  lend  their  engines  for  such 
purposes.  Some  experiments  on  very  large  marine-engines  had 
already  been  carried  out  by  Sir  John  Durston  and  Mr.  Oram.  They 
were  tried  with  and  without  jackets,  from  8,000  up  to  19,000  I.H.P., 
and  the  results  were  that  for  the  low  power  the  non-jacketed  engine 
had  an  advantage  of  1  per  cent,  in  the  steam  consumption,  and  for  the 
high  power  an  advantage  of  5  •  6  per  cent.  With  regard  to  the  present 
Report,  he  wished  to  say  that  he  had  come  to  the  meeting  to  inquire 
why  it  was  that  jiiston-leakage  experiments  were  carried  out  on  the 
lines  indicated  on  page  222.  He  had  gone  very  carefully  into  the 
diagrams,  and  plotted  a  continuous  diagram  of  the  weight  of  steam 
in  the  blocked  end  of  the  cylinder,  which  only  received  it  by  leakage, 
and  the  results  were  very  unsatisfactory.  He  found  that  when  the 
pressure  on  one  side  of  the  piston  was  about  105  to  106  lbs.,  then 
the  weight  of  steam  in  the  blocked  end  of  the  cylinder  was  gradually 
diminished,  which  would  make  it  appear  as  if  there  were  a  flow  of 
the  steam  from  the  low-pressure  towards  the  high-pressure.  That 
diminution  of  weight  continued  to  the  end  of  the  stroke,  and  then, 
when  the  leakage  should  be  from  the  high-pressure  in  the  blocked 
end  into  the  exhaust,  and  when  a  decrease  of  weight  should  have 
occurred,  there  was  a  steady  increase.  He  thought  that  there 
must  have  been  leakage  from  the  blocked  end  to  the  atmosphere. 
Some  steam  seemed  to  have  got  away  and  got  back  again.  It 
therefore  did  not  seem  to  him  that  this  particular  method  was  an 
accurate  one  for  determining  what  the  amount  of  piston-leakage  was. 
The  calculated  steam  weights  and  losses  were  given  in  Table  15 
(page  274). 

He  had  also  gone  very  carefully  into  the  figures  which  the  author 
had  given  for  the  slide-valve  leakage,  and  these  he  had  plotted  on 
a  logarithmic  diagram.  Fig.  49  (page  273).  The  results  were  very 
consistent,  except  that  the  experiments  at  a  pressure  at  about  29  lbs. 
seemed  to  be  wrong.  The  figure  showed  that  the  leakage  was  not 
directly  proportional  to  the  pressure,  but  to  a  small  power  of  the 
pressures  ;  thus,  in  the  case  of  the  unlubricated  jacketed  cylinder, 
he  found  the  power  to  be  0  •  553.  If  the  leakage  had  been  steam 
or  water,  then  the  index  should  have  been  ^,  which  meant  that  the 
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flow  should  have  been  proportional  to  the  square  root  of  the 
difference  of  pressure  of  the  steam  on  the  one  side  and  on  the  other. 
In  the  case  just  mentioned,  it  was  slightly  higher  than  that,  it  was 
0-553,  and  the  coefficients  for  that  particular  engine  for  the  three 
speeds  were  2  •  8,  2  •  7,  and  2  •  6  lbs.  per  hour. 

In  the  case  of  the  jacketed  and  lubricated  cylinder,  he  found  that 
the  index  was  0-72,  and  the  constants  were  1-35,  1-25,  and  1-15 

Fig.  49. 

Logarithmic  representation  of  Results  ghotcn  in  Tables  1  and  2  (page  210). 

Tlie  abscissa:  and  ordinates  have  been  marked  from  a  slide-rule. 
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lbs.  per  hour.  The  diagram  also  showed  that  the  two  leakages 
overlapped,  and  that  at  the  low  speeds  the  lubricated  slide-valve 
certainly  had  the  advantage  ;  it  did  not  allow  so  much  steam  to  pass 
as  the  unlubricated  slide-valve,  but  for  the  higher  pressure  the 
lines  crossed,  showing  that  reverse  results  were  obtained.  He 
noticed  that  the  quantities  estimated  from  the  leakage  experiments 
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had  been  deducted  from  the  power  trials,  and  lie  feared  that  this  had 
not  been  done  to  the  best  advantage,  and  different  results  might  be 
arrived  at  if  his  figures  were  adopted. 

He  might  perhaps  refer  to  another  difficulty  which  he  did  not 
notice  the  author  to  have  dealt  with,  except  to  mention  it,  namely, 
the  lag  of  the  indicator  drum  and  other  imperfections  of  the 
indicator.  A  Paper  *  was  read  by  Mr.  A.  W.  Brightmore  before  the 
Institution  of  Civil  Engineers  in  1885,  and  he  (Mr.  Stromeyer) 
subsequently  read  a  Paper  f  at  the  Institution  of  Naval  Architects 
in  1894,  dealing  with  the  question  of  the  lag  of  the  indicating 
cylinder,  and  in  his  case  he  came  to  the  conclusion  that  for  an 
indicator  string  of  about  5  feet,  one  ought  to  allow  about  J  inch 
at  the  end  of  each  diagram,  that  is,  the  starting  ends  of  the  diagrams 
should  be  lengthened  ^  inch.  According  to  Mr.  Brightmore's 
Paper,  it  would  be  seen  that  the  correction  depended  very  much  on 
the  number  of  revolutions  and  on  the  weight  of  the  indicator  drum, 
and  various  other  matters.  In  his  own  Paper  he  had  plotted  down 
on  a  ccmtinuous  diagram  the  weight  of  steam  that  was  in  the 
cylinders,  and  he  noticed  that  during  the  expansion  period,  when  of 
course  the  weight  of  steam  should  l)e  constant,  there  was  always  a 
slight  rise.  That  slight  rise  was  evidently  the  difference  resulting 
from  re-evaporation  and  leakage  of  the  steam  into  the  cylinder  less 
the  leakage  into  the  exhaust  port  and  past  the  piston ;  but  seeing 
that  there  were  four  factors  which  affected  the  curve,  it  was  quite 
impossible  to  use  it  for  the  determination  of  any  one  of  them 
separately. 

Captain  H.  Eiall  Sankey  apologised  for  again  taking  part  in 
the  discussion,  but  he  had  been  asked  to  describe  some  experiments  on 
the  leakage  of  piston-valves  and  piston-rings  which  he  carried  out  in 
1897  and  1898.  The  experiments  on  piston-valves  were  made  with 
a  small  Willans  engine,  a  partial  section  of  which  was  shown  in 
Fig.  50  (page  276).     It  would  be  seen  that  there  were  no  pistons 

*  Proceedings,  The  Institution  of  Civil  Engineers,  1885-6,  vol.  Ixxxiii,  page  20. 
t  Transactions,  Institution  of  Naval  Architects,  1894,  page  407. 
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fitted ;  there  was  only  the  hollow  trunk,  in  which  the  piston-valve 
worked,  and  the  arrangement  was  made  to  reciprocate  at  any  desired 
speed  by  means  of  an  electric  motor.  The  object  of  the  experiments 
was  to  determine  the  leakage  past  the  piston-valve  and  past  the 
steam  gland  surrounding  the  outside  of  the  trunk.  The  trials  were 
made  with  the  engine  standing  and  also  running  at  revolutions 
varying  from  20  to  500.  "When  the  engine  was  standing  the  leakage 
was  erratic,  but  as  soon  as  it  revolved  there  was  practically  no 
difference  in  the  leakage,  whether  the  speed  was  20  revolutions  a 
minute  or  500,  which,  it  should  be  noted,  agreed  with  Professor 
Capper's  results.  With  the  standard  Willans  valve,  consisting  of 
two  spring  rings  separated  by  a  dummy,  the  dummy  having  a 
clearance  of  about  y-i/o^  of  an  inch,  the  leakage  was  found  to  be  very 
small,  as  shown  by  the  lower  boundary  of  the  shaded  area  in  Fig.  51. 
The  dummy  ring  was  then  made  smaller  so  as  to  get  a  greater 
clearance ;  the  split  between  the  rings  was  made  larger  so  as  to  get  a 
greater  leak  in  that  way,  and  the  splits  were  placed  in  prolongation 
instead  of  opposite  each  other.  These  various  changes  singly  and 
combined  increased  the  leakage,  but  not  seriously,  since  in  every  case 
the  leakage  was  within  the  shaded  area. 

The  standard  piston-valve  was  then  replaced  by  a  solid  pluo^ 
valve,  made  as  tight  as  it  would  run  without  seizing,  namely  with  a 
clearance  of  about  yvwo  ^^  ^^  ^^^^  j  ^''^^  *^®  leakage  found  was  given 
in  Fig.  51.  Each  of  the  black  spots  was  the  mean  of  several  readings. 
Then  the  plug  valve  was  ground  -j-oVo*^  i^ch  smaller,  making  a 
clearance  of  Y^-^;^ths,  then  another  -j- ij^th,  making  a  clearance  of 
y^^^hs  inch,  and  so  on.  It  was  found  that  the  leakage  at  all 
pressures  increased  almost  proportionately  with  the  clearance,  when 
the  experiments  were  with  dry  steam,  as  would  be  seen  from  Fig,  5i. 
On  one  occasion  a  considerable  amount  of  oil  was  put  into  the  engine 
when  the  clearance  was  ^^^^^^ths  inch,  and  immediately  the  leaka<Te 
dropped  to  what  was  shown  by  the  dotted  line,  namely,  about  the 
same  as  with  y^-^j-j^-inch  clearance,  which  answered  a  question  put  by 
Mr.  Maw  (page  270).  A  coil  was  placed  in  the  steam  top  throuc^h 
which  water  could  be  passed.  In  that  way  a  portion  of  the  steam  was 
condensed,  so  that  there  was  a  shower  of  rain  coming  down  on  to  the 
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piston-valve.  The  leakage  was  much  increased,  as  shown  in  Fig.  51, 
for  the  case  where  the  clearance  was  -j-^^ths  inch.  The  leakage  was 
also  tried  with  water,  by  forcing  it  in  with  a  pump,  and  in  that  case 
the  leakage  was  enormously  increased,  being  from  8  to  IG  times  as 
great  as  with  dry  steam  in  corresponding  cases.  The  leakage  of  the 
F:team-gland  was  also  measured.  It  was  found  that  the  results  were 
not  so  consistent  as  with  the  piston-valve,  probably  because  water 
would  form  on  the  top  of  the  gland-box  and  be  forced  through  in 
gulps ;  but  on  the  average  the  leakage  of  the  gland  was  about  2^^ 
times  greater  than  that  of  the  piston-valve  in  the  corresponding 
cases,  which  fairly  corresponded  to  the  differences  in  dimensions. 

He  had  calculated  the  factor  C  given  in  the  Eeport,  and  found 
that  for  the  standard  piston- valve  (lower  line  of  shaded  area)  it  was 
0 •  003,  which  was  ith  less  than  the  factor  the  author  had  found  with 
a  slide-valve.  The  author's  factor  corresponded  almost  exactly  with 
the  lowest  leakage  line  for  the  plug-piston  (y-y^y  ,j-inch  clearance). 
He  had  also  worked  out  what  the  leakage  would  be  exj)ressed  in  lbs. 
per  I.H.P.  per  hour  with  Professor  Capper's  slide-valve  and  with 
the  standard  piston-valve,  calculated  on  the  normal  speeds  of  the 
respective  engines,  and  the  result  was  given  in  Fig.  51  (page  276), 
from  which  it  would  be  seen  that  the  latter  was  about  xV*^  ^^  *^^ 
former. 

He  next  referred  to  experiments  made  to  determine  the  leakage 
past  piston-rings.  The  apparatus  was  shown  diagrammatically  in 
Fig.  52,  and  it  consisted  of  a  small  Willans  engine  driving  a  dynamo, 
in  which  the  usual  steam  distribution  by  means  of  the  central  valve 
Avas  replaced  by  a  D  slide-valve,  as  shown.  Experiments  were  made 
with  mean  pressures  varying  from  4  lbs.  to  46  lbs.  per  square  inch. 
Obviously  the  leakage  past  the  piston-rings  would  find  its  way  into 
the  space  marked  B,  and  carried  by  the  pipe  F  to  the  condenser  D, 
so  that  there  was  quite  an  easy  means  of  finding  the  rate  of  leak  past 
the  piston-rings.  The  trials  were  made  at  various  speeds,  and  it 
would  be  observed  that  so  far  as  leakage  was  concerned  the  piston- 
rings  were  working  under  normal  conditions.  The  first  trial  was 
made  with  the  standard  rings  in  a  cylinder  of  10  inches  bore.  Those 
rings,  when  free,  expanded  one-tenth  of  an  inch  ;  the  result  was  the 
lower  leakage  line  marked  B  in  Fig.  53  (page  279),  in  which  mean 


31  March  1903. 


STEAM-ENGISE  RESEARCH, 


279 


Fig.  52.— Apparatus  used  for  measuring  Leakage  past  Piston. 


Fig.  53. — Leahage  past  the  Piston. 
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results  foi"  the  trials  at  500  revolutions  were  expressed  in  lbs.  of 
leakage  per  I.H.P.  per  hour,  plotted  on  a  mean  pressure  base. 
Then  the  cylinder  was  bored  out  approximately  ^-y^^^ths  of  an  inch, 
and  the  leakage  was  slightly  increased  (curve  E).  Some  patent 
rings,  which  had  been  sent  for  trial,  were  next  tried  before  the 
cylinder  was  bored  out  again  ;  these  rings  were  the  correct  size  for 
the  bored-out  cylinder.  The  leakage  was  far  greater  than  with  the 
standard  rings  (see  leakage  line  D). 

The  cylinder  was  next  bored  out  to  10-105  inches.  In  that 
condition  the  standard  rings  were  just  a  fit  in  the  bore,  and  were 
fully  expanded ;  it  would  be  seen  the  leakage  was  considerably 
increased  (leakage  line  F),  especially  at  very  light  loads,  the  reason 
being  that  the  rings  were  steam-packed,  and  when  the  load  was  very 
light  there  was  not  sufficient  steam  to  pack  them.  The  leakage  with 
the  patent  rings  was  given  by  line  G  for  this  larger  cylinder,  and 
line  C  represented  the  result  with  a  single  Eamsbottom  ring  ;  the 
piston  body  was  not  sufficiently  deep  to  admit  of  more  than  one  ring, 
80  that  the  leakage  line  was  not  a  fair  representation  of  the  leakage 
when  there  were  two  or  more  Eamsbottom  rings. 

Mr.  Vatjghan  Pendbed  thought  the  Report  was  so  full  of  matter 
for  discussion  that,  instead  of  occupying  ten  minutes,  he  could  speak 
about  it  for  two  or  three  hours.  The  first  point  to  which  he  wished 
to  call  attention  had  been  raised  to  a  certain  extent  by  Mr.  Maw, 
namely,  the  future  of  the  Steam-Engine  Eesearch  Committee.  He 
did  not  want  to  say  anything  which  was  severe,  or  which  could  be 
regarded  in  the  slightest  degree  as  personal,  but  a  question  he  wished 
to  ask  was :  What  was  the  value  of  the  Eeport  under  discussion  ?  He 
saw  around  him  a  very  large  number  of  young  men,  most  of  whom 
hoped  the  time  was  not  very  far  distant — and  he  hoped  so  too — when 
they  would  be  called  upon  to  design  something  in  the  way  of  an 
engine :  either  a  mill  engine,  an  electric-light  engine,  or  a  marine 
engine.  He  could  not  imagine  any  of  the  members  sitting  in  a 
drawing  office,  turning  to  the  Eeport,  and  seeking  successfully  in  it 
for  information  which  would  be  of  use  to  them.  He  fully  endorsed 
everything  that  had  been  said  in  regard  to  the  author  and  the  work 
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lie  liad  done.  He  (tlie  speaker)  had  liad  in  one  way  or  another 
nearly  fifty  years'  experience  of  the  steam-engine  in  all  possible 
forms,  and  engineers  had  the  results  of  hundreds  or  even  thousands  of 
experiments  that  had  been  carried  out.  The  literature  of  the  subject 
was  enormous,  but  he  did  not  believe  anybody  had  done  better 
experimental  work  than  that  which  the  author  of  the  Eeport  and  his 
assistants  had  accomplished.  But  what  did  it  all  come  to  ?  It  was 
not  the  fault  of  the  author,  or  of  the  Research  Committee,  or  of  any 
engineer,  that  an  inquiry  of  such  a  kind  must  be  futile  ;  it  was  the 
fault  of  the  steam-engine.  Every  steam-engine  was  a  law  unto 
itself.  If  the  clearance  space  and  the  conditions  generally  of  the 
engine  with  which  the  author  had  been  working  were  altered,  an 
entirely  different  set  of  results  would  be  obtained. 

If  any  of  the  members  would  take  the  trouble  to  go  into  the 
library  of  the  Institution,  they  would  find  on  its  shelves  the 
Transactions  of  the  American  Society  of  Mechanical  Engineers. 
He  wished  to  draw  particular  attention  to  a  Paper  in  those 
Transactions  on  the  "  Promise  and  Potency  of  High-Pressure 
Steam,"  *  illustrated  by  the  triple  and  quadruple  expansion 
experimental  engines  at  Sibley  College,  Cornell  University,  by 
Professor  Thurston.  He  also  wished  to  call  attention  to  another 
Paper  in  the  Transactions  of  the  American  Society,  namely,  "  The 
Laws  of  Cylinder  Condensation,"  f  by  Arthur  L.  Eice.  Nothing 
more  elaborate  and  nothing  more  careful  had  ever  been  carried  out 
than  those  particular  experiments.  Thurston's  Paper  was  a  splendid 
treatise  on  what  went  on  inside  an  engine.  Going  back  over  the 
history  of  the  steam-engine,  it  would  bo  found  that  almost  as  far 
back  as  the  memory  of  man  went  the  merits  and  demerits  of  the 
jacket  had  been  discussed.  One  man  said  that  jackets  ought  to  be 
used  and  another  man  said  they  ought  not ;  and  in  their  arguments 
in  connection  with  them  they  resorted  to  nearly  everything  short  of 
bloodshed.  But  the  result  was  that,  after  all  the  investigations  and 
discussions  which  had  taken  place,  engineers  were  in  precisely  the 
same  position  now  as  they  were  in  those  earlier  times. 

*  Transactions,  A.S.M.E.,  1897,  page  160. 
t  Transactions,  A.S.M.E.,  1897,  page  950. 
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Going  back  32  or  33  years,  they  had  tlie  trials  made  of  portable 

engines  by   the   Eoyal   Agricultural   Society  when   the   racer   was 

built.     The   racer   Avas   a   very   remarkable   engine  in  that  it  was 

built  for  a   particular   purpose,  and  was  made   the  subject  of  the 

most  elaborate  investigations.     He  only  wished  that  his  old  friend 

Sir   Frederick   Bramwell   could   have    been   present   and  told    the 

members  what  he  knew  about  it.     At  the  time  the  speaker  happened 

to  be  brought  intimately  in  connection  with  the  subject,  because  he 

had  some  very  close  personal   friends  who  built  racers.     A  racer 

had  to  be  built  6  or  12  months  before  the  time  of  trial ;  the  engine 

had  to  be  placed  in  a  special  shed,  and  worked  by  a   special  staff, 

and  every  possible  effort  was  made  to  get  the  highest  possible  result 

out   of  it.      What   was   the   result   sought   for  ?      The   competitor 

declared  when  he  came  to  the  trial  at  the  Show  ground  what  power 

his  engine  was  going  to  work  at,  the  number  of  revolutions  and  the 

brake  load  ;  14  lbs.  of  coal  were  allowed  per  declared  horse-power, 

and  the  engine  that  was  able  to  run  for  the  longest  time  won  the 

prize.      Nearly  all   the  engines  were  fitted  with  jackets,  so   that 

steam   could   be  turned   into   them  if  necessary.     If  the  members 

referred  to  the  Journals  of  the  Eoyal  Agricultural  Society,  it  would 

be  found  that  not   one   single  engine  which   admitted  steam   into 

the  jacket  during  a  competition  had  taken  a  prize.     Taking  the  case 

of  the  Eeading  Co.'s  engine  at  Cardiff  and  also  the  case  of  Paxman's 

compound  engine  at   Newcastle-on-Tyne,  they  were  tried  first  for 

long  periods  with  steam  in  the  jacket,  and  out  of  the  jacket ;  and  the 

winning    engines   in    the   show-yard   did   not   take   steam  into   the 

jacket.     That  was  eq[ually  true  with  50  lbs.  and  with  80  lbs.  steam. 

He  intended  to  have  said  something  about  slide-valve  leakage, 
but  he  had  time  only  to  ask  one  question  about  it,  which  perhaps 
the  author  could  answer.  A  good  deal  was  heard  about  the  water. 
He  wanted  to  know  what  that  water  was  supposed  to  represent.  If 
it  came  from  the  boiler  as  steam,  and  condensed  in  going  under  the 
valve,  that  steam  had  to  leave  its  heat  behind  it  in  the  engine  in 
some  way.  They  certainly  could  not  for  a  moment  regard  the  loss 
of  water  under  those  circumstances  from  the  same  point  of  view  that 
the  loss  of  steam  would  be  regarded.     He  simply  asked  that  question 
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for  information.  The  question  of  evaporation  and  re-evaporation 
had  been  raised,  and  unless  the  Paper  was  read  very  carefully,  it 
■was  slightly  confusing.  The  point  was  apparently  missed  that 
whatever  went  into  the  cylinder  of  a  steam-engine  as  steam  must 
leave  it  as  steam,  and  whatever  went  into  it  as  water  must  leave  it  as 
water.  There  was  no  getting  away  from  that  fact  under  any  possible 
circumstances.  Supposing  that  the  re-evaporation  did  not  equal  the 
condensation,  then  the  cylinder  would  keep  on  getting  hotter  and 
hotter  and  storing  up  heat  until  condensation  ceased.  Thurston 
remarked  in  the  course  of  one  of  his  Papers,  "  The  exhaust  steam 
contains  precisely  the  amount  held  in  suspension  on  entering  the 
valve  chest,  plus  the  condensation  due  to  waste  by  external  conduction 
and  radiation  and  its  conversion  into  work."  Supposing  for  a 
moment  that  the  whole  heat  coming  into  a  cylinder  was  100 ; 
supposing  that  the  radiation  was  10,  and  that  that  due  to  the 
performance  of  work  was  10,  the  re-evaporation  would  be  80  ;  the 
rest  would  go  out  of  the  cylinder  as  water.  There  was  no  getting 
away  from  it ;  it  was  impossible  to  elude  the  question  in  any  shape 
or  form ;  it  was  a  physical  fact  that  must  hold  good.  As  for  the 
distribution  of  the  periods  of  re-evaporation,  whether  during 
expansion  or  exhaust,  that  was  quite  another  affair,  and  an  extremely 
variable  quantity.  In  that  connection  he  might  cite  many 
experiments  that  had  been  carried  out,  as  for  instance  those  on  the 
Pawtucket  pumping-engine,*  which  were  to  be  found  in  the 
Transactions  of  the  American  Society  of  Mechanical  Engineers.  It 
would  be  found  that  the  quantity  re-evaporated  was  exceedingly 
variable,  and  sometimes  ridiculously  small. 

Xot  a  word  had  been  said  in  the  Eeport  with  regard  to  the  effect 
of  radiation  and  conduction  from  the  cylinder  itself.  One  of  the 
standing  arguments  that  had  been  raised  against  the  jacket  was  that 
the  surface  was  so  far  increased  that  radiation  and  conduction 
represented  a  very  considerable  loss  of  heat.  Taking  an  engine 
when  it  was  working  to  -j-.^ths  of  1  horse-power  or  something  like 
that,  the  surfaces,  the  heat  and  the  temperature  were  the  same  as 

*  Transactions,  A.S.M.E.,  1890,  page  328, 
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when  very  much  more  power  was  developed ;  what  was  the  loss  by 
radiation  ?  In  an  ordinary  engine  an  engineer  would  say  he  could 
neglect  that ;  but  in  carrying  out  scientific  experiments  it  was  just 
as  well  to  have  the  results  accurate. 

There  was  one  remark  he  wished  to  make  in  conclusion.  The 
Paper  contained  a  series  of  experiments  which  gave  particular 
results,  and  the  author  had  reasoned  from  them  that  it  was  possible 
to  get  precisely  the  same  results  with  another  engine.  If  this  was  not 
true,  then  the  Eeport  had  no  general  application.  Before  sitting 
down  he  would  cite  two  cases  to  show  what  the  probabilities  were  ; 
and  Captain  Sankey  could  correct  him  on  one  if  he  was  in  error ; 
and  Mr.  Davey  could  correct  him  on  the  other.  If  his  memory 
was  correct,  Mr.  Willans  in  a  Paper  read  before  the  Institution 
of  Civil  Engineers  cited  a  memorable  and  noteworthy  case  in 
which  a  quantity  of  water  equal  to  about  one  tablespoonful 
lodged  in  the  bottom  of  a  cylinder  and  made  a  most  material 
difi'erence  in  the  whole  performance  of  the  engine.  The  other 
instance  was  that  of  a  very  large  pumping-engine  at  Staveley 
put  up  by  Mr.  Davey,  which  had  a  10-foot  stroke,  and  a  72-inch 
low-pressure  cylinder,  pumping  at  one  lift  812  feet.  That 
engine  did  not  make  the  number  of  strokes  in  a  minute  it  was 
required  to  make  under  the  contract,  because  the  cylinders  were  not 
fitted  with  drain  cocks.  Drain  cocks  were  fitted  to  the  engine — 
there  was  no  other  difference  that  he  was  aware  of — and  the  engine 
then  ran  something  like  2  strokes  a  minute  over  its  contract  number. 
It  would  thus  be  seen  that  very  small  details  made  enormous 
differences  in  the  performance  of  an  engine.  The  fatal  difficulty 
with  all  research  questions  from  the  beginning  to  the  end  was  that 
what  was  true  of  one  engine  was  not  necessarily  true  of  any  other 
engine,  and  was  probably  not  true  of  it  at  all. 

Professor  F.  "W.  Btjrstall  said  it  was  a  particular  source  of 
gratification  to  him  to  speak  on  the  Eeport,  for  the  simple  reason 
that  the  research  was  commencing  when  he  was  an  assistant  of  the 
author's,  and  he  knew  to  some  extent  what  was  in  Professor  Capper's 
mind  at  the  time.     He  considered  that  a  Paper  of  such  a  kind  was 
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quite  inadequate  for  discussion  anywhere,  there  was  such  an  immense 
amotmt  of  information  that  it  would  take  one  quite  a  considerable 
time  to  fully  digest  the  whole  of  it.  He  proposed  to  deal  with  the 
subject  which  seemed  to  have  attracted  a  good  deal  of  attention, 
namely,  that  of  leakage  through  the  valves.  He  need  hardly  say 
that  it  was  a  most  important  question.  The  last  speaker  had  asked 
how  far  such  things  influenced  the  question  of  the  design  of  the 
engine.  He  should  say  it  meant  everything.  If  Professor  Capper's 
Eeport,  and  the  Paper  of  Professors  Callendar  and  Nicolson  were  to 
be   trusted,  all  valves   leaked,   whether   they   were   slide-valves   or 

Fig.  54. 
Slide-Valve  Leahage  varying  with  Temperature. 
(Compare  Fig.  32,  page  212.) 
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Corliss  valves,  and  although  they  did  not  say  so,  double-beat  valves, 
such  as  were  in  use  in  the  Sulzer  and  Cornish  engines.  The 
members  had  no  information  about  that.  If  there  was  a  definite  law 
of  valve  leak,  he  thought  it  was  of  the  highest  importance  that  the 
engine  designer  should  know'  what  that  law  was,  because  it  would 
help  him  very  considerably  in  his  design.  He  was  afraid  he  could 
not  see  that  the  experiments  of  Callendar  and  Nicolson  proved  that 
there  was  a  definite  law  of  valve  leak,  that  was  to  say,  it  was  either 
proportional  to  ihe  difference  of  pressure,  or  proportional  to  the 
overlap.  He  bad  taken  the  figures  out  in  every  form:  he  had 
plotted  the  leakage  against  the  pressure  as  it  was  given  in  the 
Report,  and  then  as  against  the  temperature,  Fig.  54,  and  the  curious 
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thing  was  that  when  the  valve  leak  was  plotted  against  the  difference 
of  temperature  between  the  valve-chest  and  the  exhaust,  the  points 
lay  upon  a  straight  line,  that  was,  taking  the  whole  number  of 
experiments  given  in  the  Report.  He  would  be  sorry  to  have  it 
thought  that  that  was  in  any  way  universal.  The  number  of 
experiments  in  the  Report  were  not  sufficient  to  warrant  one  in 
stating  a  law.  Before  stating  a  law  of  valve  leak,  it  would  require 
an  immense  number  of  experiments  before  one  could  justify  the  fact 
that  the  valve  leak  was  proportional  to  the  difference  of  temperature 
between  the  valve-chest  and  the  exhaust.  But  it  was  worth  while  to 
consider  what  were  the  consequences  if  it  was  proportional.  lie 
took  it  that,  if  the  leak  was  proportional  to  the  difference  of 
temperature,  it  rather  pointed  to  the  leak  being  due  to  a  distorted 
valve.  Those  who  had  experimented  on  slide-valves,  working  first 
with  saturated  and  then  with  superheated  steam,  would  have  noticed 
that  when  they  took  the  flat  valves  out  and  tested  them  for  truth 
after  experiments  on  the  superheated  steam,  that  they  had  invariably 
warped.  That  was  a  practical  fact.  If  that  warping  took  place  with 
superheat,  and  was  apparent  when  the  valve  was  cold,  why  should 
they  deny  the  fact  that  it  was  possible  the  valve  warped  and  returned 
to  its  shape  when  it  became  cold,  even  when  dealing  with  saturated 
steam  ?  He  thought  Captain  Sankey's  experiments  definitely  went 
to  show  that  a  warping  valve  was  the  cause  of  the  leak,  because  if 
the  members  would  notice,  his  experiments  were  made  on  AVillans 
engines,  with  spring  rings.  If  there  was  one  form  that  was  less 
susceptible  to  warping  than  anything  else,  it  was  a  purely  circular 
form.  The  slide-valve  was  a  more  or  less  complex  casting,  in  which 
there  were  initial  stresses  which  might  or  might  not  be  released  by 
the  action  of  the  steam,  whereas  with  the  spring  ring  none  of  those 
conditions  existed.  Captain  Sankey's  diagrams  went  to  show  that 
the  spring  ring  gave  a  very  much  smaller  coefficient,  O'OOS,  as 
against  0-21  in  the  case  of  the  flat  valve.  He  would  be  sorry  to 
have  those  things  carried  too  far,  because  he  was  perfectly  well 
aware  that  Professor  Capper  would  say  at  once,  "  How  do  you 
account  for  it  that  engines  with  flat  valves  do  as  well,  or  even  better, 
than  those  with  piston-valves  ?  "     Which  of  course  was  a  perfectly 
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straightforward  answer.  In  fact  the  actual  tests  showed  most 
distinctly  that  engines  with  almost  any  kind  of  valve  would  do  as 
well  as  those  with  any  other,  proving  that  it  was  not  altogether  a 
question  of  valve  leak  that  affected  the  economy  of  the  engine. 

He  should  like  to  say,  in  agreement  with  Mr.  Maw,  that  he  did 
not  think  the  vexed  question  of  valve  leakage,  the  effect  of  speed, 
and  the  many  problems  which  depended  on  so  many  simultaneous 
factors,  would  ever  be  determined  by  one  single  individual.  It  was 
only  by  co-operation  of  those  people  who  had  engines  at  their 
disposal,  and  who  could  make  really  accurate  tests,  that  the  work 
would  be  carried  out.  If  those  people  placed  their  material  at  the 
disposal  of  the  Steam-Engine  Research  Committee,  he  thought 
something  like  laws  might  be  arrived  at  which  were  independent  of 
a  particular  engine  ;  and,  speaking  personally,  he  should  be  only  too 
pleased  to  put  any  of  his  engines  at  the  disposal  of  the  Committee. 

Apart  from  that,  the  particular  point  to  which  he  wished  to 
direct  attention  was  the  question  of  the  drjness-fractions  mentioned 
on  page  228.  It  would  be  noticed  that  the  dry n ess-fractions  were 
given  in  the  last  column  on  that  page,  as  if  the  expansion  from 
cut-off  were  adiabatic.  Perhaps  the  author  would  be  good  enough  to 
tell  him  before  he  made  a  mistake,  whether  the  steam  at  cut-off  was 
taken  free  of  leakage,  or  whether  the  leakage  had  been  deducted. 

Professor  Capper  stated  that  it  was  taken  free  of  leakage. 

Professor  Burstall  said  he  understood  it  was  the  gross  feed. 

Professor  Cappeb  replied  in  the  affirmative. 

Professor  Burstall,  continuing,  said  that  if  the  members 
considered  the  gross  feed  there,  they  would  see  that  even  in  the 
unjacketed  trials  a  very  considerable  amount  of  re-evaporation  was 
obtained.  Taking  the  previous  column,  that  is,  the  actual  dryness- 
fraction  obtained  by  deducting  leakage,  in  some  cases  it  would  be 
found  the  steam  was  superheated  at  the  jacketed  trials.  That  struck 
him  as  a  curious  result.     He  did  not  say  it  was  not  correct,  because 
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he  had  made  suflBcient  experiments  with  steam-engines  never  to  be 
surprised  at  anything  he  got ;  but  he  did  consider  that  dryness- 
fractions  varying  from  1  down  to  the  last  figure,  0-69  in  the  case  of 
the  full  load  unjacketed  trials,  showed  extremely  dry  steam  ;  and  it 
would  be  interesting  to  know  whether  any  experiments  had  been 
made  to  determine  what  the  wetness  of  the  steam  was  before  it 
entered  the  cylinder  at  all.  Of  course  such  experiments  were  very 
difficult  to  make,  and  the  results  were  perhaps  not  very  reliable ;  but 
still,  granted  that  it  was  a  locomotive  boiler,  which  he  believed  it 
was,  and  the  length  of  steam-pipe  to  the  boiler  of  the  engine  was 
something  like  40  feet,  his  experience  of  experiments  on  locomotive 
boilers  and  long  steam-pipes  was,  that  the  steam  would  initially 
contain  something  from  5  to  10  per  cent,  of  water,  and  he  did  not 
quite  see  how  it  could  get  so  dry  as  1,  taking  it  that  the  leakage  was 
accurate. 

Mr.  Pendred  (page  282)  alluded  to  a  point  as  to  how  the  steam 
passed  away  in  the  form  of  water  with  regard  to  giving  up  its  heat. 
That  was  a  point  that  had  greatly  troubled  him.  The  steam  was 
supposed  to  condense  on  one  side  of  the  slide-valve,  which  passed  as 
water  to  the  exhaust  slide — he  was  speaking  generally — and  there  it 
re-evaporated.  Looking  at  the  problem  physically,  he  did  not  see 
why  the  steam  should  condense,  to  begin  with,  and  in  the  next  place 
that  heat  had  to  bo  conducted  from  the  steam  side  to  the  exhaust 
side,  in  order  to  provide  the  heat  necessary  to  re-evaporate  that 
water  into  steam  in  the  exhaust.  "Why  should  the  heat  travel  along 
the  slide-bar  at  all  ?  There  was  very  little  difference  of  temperature 
from  a  conductivity  point  of  view,  and  physically  speaking  he  could 
not  see  why  that  heat  should  travel  along  the  bar  at  all.  Therefore, 
if  the  steam  leaked  through,  he  could  not  see  why  it  should  go 
through  as  water  and  not  as  steam.  Of  course  the  reason  for  taking 
it  as  water  and  not  as  steam  was,  that  if  the  velocities  of  dry  steam 
passing  through  were  calculated,  figures  were  obtained  which  were 
wholly  absurd,  and  therefore  they  must  say  that,  if  it  leaked  at  all,  it 
leaked  as  water.  At  the  same  time  he  did  not  feel  satisfied  that  the 
valve  leakage  had  been  made  out  to  be  a  definite  law,  on  which 
engineers    could    rely,   with    any    description    of    engine.      What 
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engineers  really  required  now  was  a  series  of  experiments,  not 
necessarily  made  on  an  engine  cylinder,  but  made  to  determine  tlie 
law  of  leak  in  valves  of  all  forms,  and  valves  of  different  materials. 
All  the  present  experiments  had  been  made  on  cast-iron,  which  was 
a  notoriously  warping  material.  He  would  suggest  that,  if  possible, 
experiments  should  be  made  on  cast-iron  valves,  on  cast-brass  valves, 
and  on  a  forging,  and  see  whether  the  result  was  due  to  distortion, 
or  whether  the  steam  really  flowed  as  a  water  film.  He  did  not 
think  there  was  anything  more  important  for  the  steam-engine 
makers  in  this  country,  than  to  receive  from  such  a  great  Institution 
as  the  Institution  of  Mechanical  Engineers,  some  definite  information 
about  which  there  should  be  no  shadow  of  doubt,  as  to  what  law  they 
were  to  follow  in  designing  valves,  and  what  tho  valve  leak 
would  be. 

Mr.  A.  L.  Mkllanby  thanked  the  President  for  the  i)rivilege  of 
allowing  him  to  address  the  meeting,  and  also  for  the  opportunity  of 
being  allowed  to  congratulate  the  author  ujion  the  Eeport  he  had 
presented.  He  thought  Professor  Caj)per  was  to  be  specially 
congratulated,  because  he  had  drawn  attention  to  a  point  which  must 
be  settled  before  any  important  gain  could  be  made  in  steam-engine 
economy.  Since  the  Paper  of  Messrs.  Callendar  and  Nicolson,  the 
subject  of  valve  leakage,  which  they  so  strongly  brought  forward, 
seemed  to  have  been  forgotten,  and  engine  builders  had  gone  on 
imagining  that  the  whole  of  the  missing  quantity  in  any  steam- 
engine  was  due  to  initial  condensation.  The  Eeport  now  under 
discussion  was  a  direct  confirmation  of  Messrs.  Callendar  and 
Nicolson's  work,  and  ought  to  draw  the  attention  of  engineers  to  the 
fact  that  they  should  direct  themselves  to  the  design  of  valves  which 
could  be  used  in  everyday  work,  and  which  could  be  depended  upon 
not  to  allow  the  steam  to  leak  past  them.  He  had  been  asked  by 
Dr.  Nicolson,  who  was  unable  to  be  present,  to  read  some  remarks  he 
would  like  to  offer  to  the  meeting,  and  with  the  President's  permission 
he  would  do  so.   [Dr.  Nicolson's  remarks  will  be  found  on  page  330.] 

To  himself  personally  the  valve-leakage  question  was  one  of 
niuch  interest,  because  when  he  was  at  McGill  University  as  an 
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1851  Eesearcli  Scholar  lie  thought  he  was  the  first  to  make 
experiments  which  showed  that  a  slide-valve,  absolutely  steam-tight 
when  stationary,  so  soon  as  it  started  to  move  had  a  very  considerable 
leakage.  The  experiment  was  made  upon  the  engine  which  he 
thought  was  described  by  Mr.  Druitt  Halpin  on  the  last  occasion. 
The  experimental  engine  at  the  Manchester  School  of  Technology 
was  specially  arranged  for  leakage  experiments.  Instead  of  plugging 
the  ports,  they  had  arranged  the  valve  to  work  on  a  loose  face,  and 
between  the  loose  face  and  the  cylinder  casting  a  brass  plate  was 
fitted.  Two  brass  plates  were  provided,  one  with  holes,  corresponding 
to  the  steam  and  exhaust  ports  for  ordinary  working,  and  the  other 
blank,  except  for  the  exhaust  port,  for  leakage  experiments.  This 
arrangement  enabled  one  to  run  leakage  experiments  with  very  little 
trouble,  and  to  be  perfectly  sure  about  the  joints  being  tight.  They 
also  had  a  small  engine,  on  which  they  carried  out  leakage 
experiments  in  the  manner  described  by  the  author.  In  this  engine 
they  had  to  block  up  the  ports,  and  experienced  the  difficulty  which 
Professor  Capper  had  described  in  making  the  joints  tight. 

If  he  might  offer  some  criticisms  on  the  Report,  he  thought  it 
was  a  pity  the  author  did  not  take  the  temperatures  not  only  of  the 
clearance  surfaces  but  also  of  the  valve-faces.  If  that  had  been 
done,  some  evidence  would  have  been  forthcoming  to  show  whether 
the  valve-faces  were  cooler  in  the  valve-leakage  experiments,  that  is, 
the  port  plugged  experiments,  than  they  were  under  ordinary  working. 
In  the  experiments  which  he  had  made  himself,  with  small 
thermometers  in  the  metal  of  the  steam -ports,  he  had  not  been  able 
to  detect  any  lowering  of  the  average  temperatures  ;  in  fact  in  some 
cases  the  temperatures  were  higher.  Not  only  that,  but  on  taking 
by  means  of  a  delicate  thermometer  the  temperature  of  the  steam  as 
it  leaked  through  the  valve,  he  had  found  that  in  almost  all  cases  it 
was  superheated.  When  the  engine  was  working,  the  exhaust  steam 
was  not  superheated,  and  it  seemed  to  lower  the  temperatures  of  the 
ports. 

It  was  very  remarkable  to  notice  the  difference  that  speed  had 
upon  these  temperatures.  If  there  were  a  thermometer  in  the  metal 
of  the  clearance  surfaces,  that  is,  just  at  the  ends  of  the  cylinder,  it 
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would  be  noticed  that  that  tliermometer  remained  practically 
stationary  for  all  speeds  of  tte  engine,  say  from  50  to  300  revolutions 
per  minute ;  but  a  tliermometer  in  tbe  metal  of  tbe  ports  which  was 
influenced  by  the  rushing  past  of  the  steam  would  drop  considerably 
with  high  speeds.  It  therefore  seemed  to  him  that  the  high  speeds 
lowered  the  temperatures  of  the  ports,  and  therefore  increased  the 
leakage. 

The  author  mentioned  (page  238)  that  the  re-evaporation  from 
the  jacketed  surface  was  less  than  from  the  unjacketed,  and  explained 
it  by  saying  that  the  regenerative  effect  was  largely  independent  of 
the  temperature.  It  was  extremely  difficult  to  him  to  see  why  that 
should  be  so.  That  was  to  say,  it  was  difficult  to  see  why,  if  there 
were  any  water  present  in  the  cylinder,  less  should  be  evaporated 
from  the  hot  walls  than  from  the  cold  walls.  He  thought  the  true 
explanation  was  that,  in  most  cases  by  the  time  the  piston  got  to 
release,  there  had  been  complete  re-evaporation.  In  the  jacketed 
engine,  he  would  say  that  the  steam  in  every  case  was  perfectly  dry, 
and  probably  superheated  before  release,  and  that,  even  in  an 
unjacketed  engine,  in  a  great  many  cases  the  steam  was  also  perfectly 
dry  at  release.  That  perhaps  might  be  considered  rather  a  strong 
statement  by  those  who  had  carried  out  engine  trials,  but  it  seemed 
to  him  to  be  true.  The  evidence  for  it  was,  first,  the  Callendar- 
Nicolson  experiments  which  either  had  to  be  accepted  or  refused. 
Looking  at  the  condensation  areas  in  their  Paper,  it  would  be  seen 
that  for  admission  pressures  of  about  100  lbs.  per  square  inch  they 
were  comparatively  small,  and  that  soon  after  cut-off  the  re-evaporation 
area  was  equal  to  the  condensation  area,  and  therefore  any  steam 
that  was  initially  condensed  would  soon  be  re-evaporated.  In  order 
to  obtain  further  evidence  upon  this  point  he  made  a  special 
experiment,  by  placing  in  the  exhaust-pipe  of  the  engine  an  ordinary 
drain-pipe,  into  which  he  put  a  large  number  of  coils  of  iron  wire. 
There  were  two  thermometers  in  the  pipe,  one  on  the  cylinder  side 
of  the  wire  and  one  on  the  condenser  side.  The  arrangement  was 
shown  in  Fig.  55  (page  292j.  "When  the  engine  was  running,  those  two 
thermometers  gave  practically  the  same  reading,  but  by  passing  an 
electric   current    through   the   wires,   the   wires  were   heated,   and 
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re-evaporated  any  water  that  was  present.  So  long  as  there  was  any 
water  at  all  left  in  the  steam  the  two  thermometers  read  exactly  the 
same,  hut  immediately  all  the  water  was  rc-evaporated  the  second 
thermometer  commenced  to  rise.     Knowing  the  amperes  and  volts 

Fig.  55. — Experimental  addition  of  Heat  to  Exhaust-Steam.' 
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used,  he  could  easily  calculate  the  energy  put  into  the  steam,  and 
could  therefore  calculate  the  amount  of  water  that  had  been  mixed 
•with  the  steam.  In  one  particular  instance  he  remembered,  at 
release,  according  to  the  ordinary  methods  it  appeared  as  if  there 
were  a  missing  quantity  of  about  200  lbs.   per  hour,  and  it  would 
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have  bsen  generally  said  that  there  were  200  lbs.  of  water  per  hour 
present  at  release.  The  experiment  he  was  mentioning  showed  that 
instead  of  there  being  200  lbs.  of  water  at  release  there  were  only 
12  lbs.,  an  amount  that  was  practically  made  up  by  the  radiation 
between  the  engine  and  the  pipe  with  the  coil  in  it.  He  thought 
that  showed  at  once  that  if  not  perfectly  dry  at  release  the  steam  was 
very  nearly  dry.  If  they  accepted  this  view,  then  it  followed  that 
the  working  leakage  was  much  greater  than  the  valve-leakage 
experiments  showed,  and  the  difficulty  of  explaining  why  there 
should  be  less  apparent  re- evaporation  for  jacketed  than  uujacketed 
trials  disappeared.  It  might  then  be  said  that  there  was  less 
apparent  re-evaporation,  because  there  was  no  water  in  the  cylinder 
left  to  re-evaporate.  He  had  taken  trials  No.  Co  jacketed  and  CCj 
unjacketed,  and  from  them  constructed  Table  16,  correcting  the 
quantities  for  100  revolutions. 


TABLE   16. 

i 

Cj  Jacketed. 

CO2  Unjacketed. 

Indicated  weight  at  cut-off  (lbs.  per  hour) 

287 

2SG 

Missing  quantity  ,,      „      (  ,,      .,      „   ) 

73 

174 

Indicated  weight  at  release  (  ,,      ,,      „   ) 

325 

330 

Missing  quantity  „      „      (  ,,      .,      „   ) 

35 

130 

Increase  between  release  and  cut-off" 

38 

44              ! 

It  would  be  seen  that  the  apparent  re-evaporation  between  release 
and  cut-off  was  38  lbs.  per  hour  for  the  jacketed  and  44  lbs.  per  hour 
for  the  unjacketed.  The  missing  quantity  of  release  for  the 
unjacketed  was  130  lbs.  per  hour,  and  for  the  jacketed  35  lbs.  per 
hour.  He  had  no  doubt  whatever  in  saying  that,  neglecting  the 
leak  into  the  cylinder,  for  the  jacketed  the  whole  of  the  34  was 
valve  leakage,  and  that  the  steam  was  perfectly  dry  at  release.  His 
own  opinion  also  was  that  for  the  unjacketed  the  greater  part  of  the 
130  lbs.  missing  at  release  was  leakage,  and  that  the  steam  there 
was  also  practically  dry  at  release.     This  showed  that  one  of  the 
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advantages  of  the  jacket  was  that  it  reduced  the  valve  leakage, 
probably  by  warming  up  the  valve  faces.  He  thought  in  that 
respect  it  was  more  useful  than  in  reducing  the  condensation.  The 
effect  upon  the  condensation,  if  the  engine  was  jacketed  by  steam  of 
its  own  initial  pressure,  was  very  little,  but  the  effect  upon  the 
valve  leakage  due  to  the  heating  of  the  ports  by  conduction  was  very 
great.  In  conclusion,  he  wished  to  say  that  if  more  engineering 
colleges  were  to  take  up  work  of  the  kind  described  in  the  Eeport, 
instead  of  devoting  themselves  solely  to  the  teaching  of  rudimentary 
engine-testing,  the  manufacturers  of  the  country  would  take  a  more 
active  interest  in  the  advancement  of  technical  education. 

Mr.  E.  H.  Cabena  said  he  wished  to  draw  attention  to  the  point 
which  had  been  touched  upon  by  almost  every  speaker,  namely,  the 
question  of  leakage  ;  and  in  that  connection  he  would  refer  to  the 
leakage  curves.  On  the  last  occasion  Mr.  Longridge  pointed  out 
that  the  curves  on  Fig.  32  (page  212)  were  parabolic;  in  other  words 
the  leakage  was  proportional  to  the  square  root  of  the  pressure.  He 
would  first  ask  the  author  whether  the  zero  point  on  the  curves  was 
obtained  experimentally,  or  whether  it  was  merely  assumed  that  the 
zero  pressure  difference  was  a  point  on  the  curves. 

Professor  Capper  said  the  point  was  assumed. 

Mr.  Cabena,  continuing,  said  that  in  that  case  the  portion  of  the 
curve  between  zero  and  the  first  plotted  point  was  extrapolated,  and 
this  was  also  true  of  that  portion  of  the  curve  to  the  right.  There 
were  thus  remaining  in  the  curve  three  experimental  points,  and  it 
would  be  found  that  a  straight  line  would  satisfy  those  three  points 
equally  well.  With  respect  to  the  point  marked  "  lubrication 
failed,"  he  would  say  that  as  the  intermediate  dotted  curve 
represented  the  conditions  of  steam  in  all  jackets,  and  stopped 
lubrication,  they  should  expect  to  find  that  point  on  the  intermediate 
curve.  Neglecting  the  last  point,  on  the  intermediate  curve  it 
would  be  found  that  the  plotted  points  also  satisfied  a  straight  line. 
Finally,  a  straight  line  would  satisfy  equally  well  the  points  in  the 
upper  curve.      All  of  these  lines  cut  the  vertical  at  some  point. 
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indicating  an  added  constant  quantity  independent  of  the  pressure 
difference.  He  suggested  that  the  constant  represented  mechanical 
leakage,  especially  so  on  account  of  the  experiments  being  conducted 
with  blocked  steam-ports.  There  was  a  clearance  or  pocket  formed 
just  over  the  blocking  piece  according  to  the  diagrams  in  Fig.  33 
(page  217),  and  they  might  reasonably  expect  the  condensation  on 
the  cylinder  face  to  be  brought  along  towards  the  blocked  steam-port 

Fig.  56. 

Slide-Vahe  Leal:age,  plotted  from  Values  iu  Table  2  {compare  Fig.  32,  page  212). 

Steam  in  all  Jaclcets.     S'jphon  Lubricator  supplying  freelij. 

Revs. 


10  -to  60  80  100  120 

Difference    of  Pressure.  Lbs.  per  sq    vnch 


by  the  port  in  the  main  valve.  The  exhaust  edge  of  the  valve  passing 
over  the  steam-port  would  remove  that  leakage  water  to  the  exhaust. 
These  suggestions  were  of  course  speculative  :  there  were  other  ways 
in  which  a  mechanical  leakage  could  take  place.  Plotting  the 
leakage  and  pressiu'e  difference  from  the  figures  in  Tables  1  and  2 
(pages  210  and  211) — and  not  by  taking  the  average  values  of  the  last 
three  columns  as  was  done  in  Fig.  32 — he  found  that  they  were  all 
straight  lines,  Fig.  56. 

T  2 
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Taking  the  lowest  lino  it  would  be  found  that  it  cut  the  vertical 
axis  at  a  point  representing  a  mechanical  leakage  of  5  lbs.  per  hour. 
Choosing  a  point  on  the  axis  of  pressure  difference  at  34  lbs.  and 
drawing  a  perpendicular  to  meet  the  plotted  line,  it  would  be  found 
that  a  leakage  of  15  lbs.  per  hour  was  obtained.  He  took  a  point 
at  34  lbs.  pressure,  because  he  found  from  figures  of  Dr.  Nicolsou's 
that  for  a  difference  of  34  lbs.  pressure  on  the  valve  ho  obtained  a 
coefficient  of  0-02,  for  a  10^-inch  cylinder  (which  was  the  nearest 
size  of  cylinder  for  which  he  had  been  able  to  find  data). 

If  they  applied  these  figures  for  pressure  difi'erence  and  leakage 
to  determine  the  coefficient  C,  they  would  find  leakage  divided 
by  pressure  difterence,  multiplied  by  the  overlap,  upon  the  perimeter, 
gave  exactly  0  •  02.  That  might  be  a  mere  coincidence,  but  it  was 
peculiar  that  the  same  pressure  gave  the  same  result  for  these 
experiments.  The  total  leakage  obtained  by  Dr.  Nicolson  was 
greater  than  that  obtained  in  the  present  case,  but  the  valve  was 
for  a  10^-inch  cylinder  against  that  for  a  6^-inch  cylinder ;  and 
therefore  the  perimeter  would  be  greater.  He  had  not  obtained  the 
data  for  the  perimeter  of  the  larger  valve,  but  he  estimated  that  it 
would  be  approximately  about  as  much  greater  as  the  leakage  per 
hour  was  greater. 

Another  point  to  which  he  wished  to  draw  attention  was  in 
connection  with  Table  3  (page  214),  where  in  the  last  two  lines 
the  eifect  of  leakage  through  the  valve  due  to  wire-drawing  was 
given.  Instead  of  comparing  the  second  line  from  the  bottom  with 
the  lower  line,  he  proposed  to  take  the  third  line  of  figures  from 
Tables  1  and  2  (pages  210  and  211  to  compare  with  the  lower  line  of 
Table  3).  Taking  those  figures,  and  setting  them  in  Table  3,  the 
following  results  given  in  Table  17  were  obtained  : — 

It  would  be  noticed  that  the  leakage  20  •  6  was  not  very  different 
from  the  leakage  given  in  Table  3,  20*4;  yet  there  was  66  lbs. 
difference  in  the  wire-drawing,  and  the  pressures  on  the  valve  were 
46  and  45*25.  If  it  were  legitimate  to  take  those  figures  from 
Table  1  for  comparison,  then  it  did  not  seem  to  prove  that 
wire-drawing  reduced  the  leakage.  There  was  the  remarkable  fact 
about  those  figures  that  the  pressure  upon  the  valve  was  practically 
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TABLE  17. 


^team 
-r,                Pipe            Steam 
^^^«-         before     ,     Chest. 

Inlet. 

1                    1 

Steam     >     Steam 
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the  same,  and  that  tbe  leakage  was  also  practically  the  same.  It 
■would  be  remembered  that  Dr.  Nicolson  found  that,  for  a 
non-balanced  valve  with  3-1  lbs.  pressure,  he  obtained  a  leakage 
of  41  lbs.  per  hour ;  for  a  balanced  valve  with  80  •  5  lbs.  jn-essure 
he  obtained  a  leakage  of  267  lbs.  per  hour,  pointing  to  the  fact  that 
not  merely  steam-chest  pressure  minus  exhaust,  but  the  actual 
pressure  between  the  valve  and  the  cylinder  face,  was  a  determining 
factor.  He  referred  to  that  as  being  an  indication  of  the  reason 
why  the  leakage  was  the  same  in  both  cases,  namely,  that  the 
pressures  were  equal,  and  not  as  a  result  of  wire-drawing. 

Mr.  Heney  Davey,  Member  of  Council,  wished  to  refer  in  the 
first  place  to  some  remarks  which  fell  from  Mr.  Maw  at  the  opening 
of  the  discussion.  He  himself  had  occupied  the  position  of 
Chairman  of  the  Steam-jacket  Committee  since  its  inception,  which 
he  was  sorry  to  say  was  a  long  time  ago.  The  Committee  set 
to  work  immediately  it  was  formed  and  had  done  some  very  useful 
work.  One  Eeport  had  been  read  at  the  meetings,  but  in  the 
Proceedings  of  the  Institution  there  were  three  Reports  *  which  he 
ventured  to  say  contained  more  information  on  the  practical  value 
of  the  steam-jacket  than  could  be  found  elsewhere  in  any  one 
publication.  It  appeared  to  him  that  a  proposal  was  now  being  made 
to  alter  the  line  of  research,  and  to  revert  to  what  the  Committee 
started  with.     The   Committee   started  experimenting   with  actual 


*  Proceedings,  1889,  page  703;  1892,  page  418;  and  1894,  page  535. 
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engines  under  actual  working  conditions,  testing  tliem  witli  and 
without  jackets,  and  finding  out  the  differences ;  and  that  was  the 
only  rational  way  to  get  at  facts  in  practical  engineering. 

He  thoroughly  joined  with  other  speakers  in  their  appreciation 
of  the  value  of  the  present  Report.  It  was  valuable  not  only  from  a 
scientific  point  of  view,  because  it  pointed  to  the  direction  in  which 
improvements  might  be  effected  in  the  steam-engine,  but  because  it 
also  pointed  out  defects  which  many  practical  engineers  perhaps 
were  not  quite  conversant  with.  The  leakage  question,  the 
discussion  of  which  had  occupied  the  whole  of  the  present  evening 
and  the  previous  meeting,  was  an  incidental  matter  in  the  Paper,  not 
of  the  supreme  importance  of  some  other  facts  which  had  been 
brought  out.  He  quite  agreed  with  Mr.  Maw  that  it  was  useless 
for  two  Committees  to  be  working  on  what  was  practically  the  same 
subject.  There  ought  to  be  an  amalgamation ;  but,  when  that  was 
brought  about  and  before  any  future  experiments  were  undertaken, 
the  line  of  investigation  should  be  thoroughly  discussed  and  laid 
down  with  some  definiteness.  He  might  mention  that  Professor 
Hudson  Beare  was  now  carrying  out,  with  an  apparatus  which  he  had 
at  his  disposal  in  Edinburgh,  some  experiments  bearing  on  the  value 
of  the  steam-jacket ;  and  probably  when  his  report  came  to  be 
presented  it  might,  to  a  certain  extent,  clash  with  some  of  the 
author's  investigations. 

Having  said  that  much  with  reference  to  the  two  Committees,  he 
would  venture  to  make  one  or  two  remarks  on  the  Report  itself. 
The  leakage  question  seemed  to  be  a  very  vexed  one  ;  and  he  began 
to  wonder  when  he  heard  of  the  enormous  amount  of  leakage  which 
was  supposed  to  take  place  through  valves,  how  it  was  that  engineers 
managed  to  get  from  steam-engines  any  efficiency  at  all.  There  was 
leakage  of  the  pistons,  leakage  of  the  valves,  initial  condensation, 
and  all  sorts  of  things ;  but  when  one  considered  that  some  of  the 
best  steam-engines  gave  70  per  cent,  of  efficiency  on  the  Rankine 
formula,  one  wondered  how  it  was  that  there  was  so  much  leakage, 
and  yet  the  engines  gave  such  good  results.  He  was  convinced  that 
in  practical  work  there  was  not  a  leakage  from  valves  that  one  would 
be  led  to  expect  from  the  very  small  experiments  carried  out.     A 
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theory  had  been  propounded  that  the  valve  ran  on  a  film  of  water, 
that  the  water  escaped  into  the  port,  that  the  valve  would  leak  water 
easier  than  it  would  leak  steam,  and  that  more  steam  got  away  in  tne 
form   of  water.      On  reading  the  Eeport  and  observing   that   the 
leakage  was  somewhat  in  proportion  to  the  increase  in  pressure,  one 
.vondered  why  increase  in  pressure  did  not  squeeze  out  the  film  and 
so  make  it  very  much  thinner,  and  if  it  got  thinner  the  leakage  would 
be  very  much  less.     It  struck  him  that  the  leakage  was  more  with 
the  higher  pressure  because  the  valve  was  not  tight  to  begin  with 
and  never  had  been  tight ;  it  was  probably  warped.     It  was  natura 
enough  when  there  was  a  leakage  space,  that  the  leakage  should 
increase   with   the   pressure;     it   was    mere   common  sense        Ihe 
investigation  which  the  author  had  been  carrying  out  had  shown 
how  such   a   leakage  might  affect   the   general   results.     Professor 
Capper  had  been  quite  justified  in  getting  at  the  leakage  first,  because 
his  results  would  be  vitiated  if  he  did  not  know  what  the  leakage  was. 
With  regard  to  the  value  of  the  investigations,  he  thought  they 
were   of    a   purely   scientific   value.      They   were   facts   that    had 
been    ascertained    with   reference   to   a    particular    engine    under 
particular   circumstances,    and   they   did    not    generally   apply   to 
engines  in  actual  work;  but  nevertheless  they  had  their  scientific 
vaL.     There  were  many  anomalies  with  reference  to  the  economy 
of  steam-engines.     It   was  generally  supposed  that  the  faster  the 
engine  worked,  the  better  its  economy.     He  thought  it  was  pretty 
well  known  that  pumping  engines,  working  with  a  piston  speed  not 
exceeding  200  feet  and  making  only  30  revolutions  per  minute  had 
given  results  in  economy  much  higher  than  anything  that  had  been 
produced  by  any  other  steam-engine.     As  he  had  said  before    the 
Paper   must  be   read  from  a   scientific   point   of  view,   and  hasty 
conclusions  must  not  be  drawn  from  it  and  applied  in  practice 

The  gist  of  the  Eeport  appeared  to  be  at  the  end.  In 
Figs.  44  and  45  (pages  248  and  249)  there  was  some  information 
which  was  to  a  certain  extent  new,  and  which  he  thought 
contained  some  of  the  most  valuable  information  in  the  Eeport. 
It  appeared  from  the  results  that  the  jacket  ceased  to  be 
of  value  when  a  certain  number  of  revolutions  had  been  attained 
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with  a  certain  mean  pressure  in  the  cylinder.  With  regard  to 
the  value  of  the  jacket,  if  the  members  referred  to  the  three 
Keports  of  the  Steam-Jacket  Committee  which  had  been  published 
in  the  Proceedings  of  the  Institution,  they  would  find  that  very 
elaborate  experiments  were  made  with  a  triple-expansion  engine 
at  the  East  London  Water  Works,  both  with  and  without  jackets. 
Those  experiments  were  carried  out  with  the  greatest  care  and 
accuracy,  and  were  repeated  four  or  five  times  with  consistent  results. 
The  difference  between  working  the  engine  thoroughly  steam- 
jacketed  and  working  it  without  any  steam-jackets  in  use  was  about 
3  per  cent.  As  a  general  fact,  the  more  economical  the  engine  was 
the  less  the  percentage  economy  of  the  jacket.  If  an  engine  was 
using  about  13  lbs.  of  steam  per  I.H.P.  with  an  initial  pressure  of 
about  120  lbs.  the  value  of  the  jacket  became  exceedingly  small. 
With  an  old-fashioned  single-cylinder  engine,  working  with  only 
30  or  40  lbs.  of  steam,  and  cutting  ofi"  at  half-stroke,  the  percentage 
value  of  the  jacket  would  be  a  very  different  matter  altogether. 

Mr.  Roger  T.  Smith  thought  that  one  among  the  many  very 
interesting  facts  brought  out  in  the  Report  was  that  shown  in 
Fig.  37  (page  229),  indicating  that  as  the  steam-chest  temperature 
was  increased  the  dryness-fractions  all  tended  to  converge  to  one 
point.  The  same  thing  occurred  in  Fig.  39  (page  2'3l),  and  in  Fig.  44 
(page  248),  which  had  been  referred  to  as  one  of  the  most  satisfactory 
and  novel  results  of  the  Report,  exactly  the  same  thing  happened. 
As  the  initial  pressure  was  increased,  that  is  to  say,  as  the 
temperature  of  the  steam,  in  the  unjacketed  trials,  increased, 
the  thermal  units  per  I.H.P,  per  minute  for  engines  at  different 
speeds,  all  tended  towards  one  point.  The  results  were  all  obtained 
with  saturated  steam,  and  through  the  kindness  of  Messrs.  Belliss 
and  Morcom  he  had  been  able  to  exhibit  a  diagram  showing 
analogous  results  from  a  number  of  quick  revolution  engines  of 
different  sizes,  all  of  them  using  superheated  steam.  On  Fig.  57 
(page  302)  was  plotted  the  variation  with  superheat  of  the  lbs.  of 
steam  per  kilowatt-hour  supplied  to  seven  engines,  each  coupled  to  a 
dynamo,  ranging  in  output  from  220  to  1,500  kw.     They  were  all 
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non-jacketed  condensing  engines,  and  the  lbs.  of  steam  per  kilowatt- 
liour  had  been  plotted  (from  the  saturation  line  as  zero)  for 
various  degrees  of  superheat  above  the  temperature  corresponding  to 
saturated  steam  at  stop-valve  pressure.  All  the  engines  were  tested 
at  full  load,  one  of  them  being  also  tested  at  three-quarter  load  ;  and 
all  the  water  measurements  were  made  from  the  condensed  steam. 
The  interesting  result  was  that  if  all  the  curves  were  produced 
sufficiently  far,  they  met  very  nearly  at  one  point,  namely,  400°  of 
superheat,*  showing  as  a  result  that  if  one  could  only  use  enough 
superheat  all  engines  of  this  type,  of  whatever  size,  were  about 
equally  economical.  From  a  large  number  of  experiments  on  the 
engine  marked  "  A  "  on  Fig.  57  (page  302),  a  series  of  curves  had 
been  plotted,  Fig.  58  (page  303),  giving  the  lbs.  of  steam  per  B.H.P. 
passing  through  the  engine  at  all  loads  up  to  full  load  for  saturated 
steam,  and  also  for  50",  100°,  150°,  200°,  250°,  300°,  and  350°  F. 
superheat  above  the  temperature  of  satm-ated  steam.  These  curves 
got  flatter  as  the  superheat  increased,  showing  that,  when  sufficient 
superheat  was  used,  an  engine  of  this  type  tended  to  become  equally 
economical  at  all  loads. 

He  also  desired  to  say  a  few  words  with  regard  to  the  question  of 
valve  leakage.  The  leakage  measurements  from  the  King's  College 
engine  had  probably  come  out  at  as  nearly  an  accurate  result  as 
could  be  obtained.  He  would  like,  however,  to  point  out  that  the 
effect  of  leakage,  in  any  given  engine,  on  its  economy  depended  on 
the  size  of  the  ports  and  the  volume  of  the  steam  in  the  cylinder. 
The  area  of  the  port  through  which  steam  was  admitted  should  be 
designed  to  suit  the  velocity  of  that  steam.  Being  anxious  to  find 
out  how  the  size  of  the  little  engine  experimented  on  would  compare 
with  other  engines  in  this  respect,  he  had  examined  several  engines 
of  various  sizes  and  types,  and  taken  out  the  ratio  between  the  area 
of  the  steam  port  and  the  volume  of  the  cylinder  plus  clearance.  The 
ratio  had  no  value  in  itself  whatever ;  it  only  indicated  the  sort  of 


*  To  show  this  result  more  clearly,  all  the  engines  sliould  be  using  steam  at 
the  same  stop-valve  pressure.  This  was  not  the  case,  but  it  has  been  thought 
preferable  to  plot  the  actual  experimental  results  rather  thau  to  rearrange  them 
for  one  uniform  stojj-valvc  pressure. 
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Fig,  57. — Xou-JacJieted  Qaick-Rctolution  Triple-Expansion  Condensing  Engines, 
using  Superheated  Steam. 

Experiments  on  Messrs.  Belliss  and  Morcom's  Engines. 
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YiG  58  —lion-Jaclceted  Quick-Eewlution  Triple-Expansion  Engine. 
(Engine  A  of  Fig.  57),  showing  effect  of  Superheat  on  Steam-Consumption 
at  Varying  Loads. 

The  percentage  figures  indicate  the  increase  in  lbs.  of 
water  per  E.H.P.-hour  over  full  load  consumption. 
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relation  in  size  between  the  space  over  which  leakage  could  occur 
and  the  volume  of  the  cylinder.  The  results  were  shown  in  Table  18 
(page  305). 

He  had  not  sufficient  particulars  to  work  out  the  leakage 
perimeter  and  its  ratio  to  the  volume  of  the  cylinder,  and  had  taken 
the  port  area  as  the  numerator,  since  this  was  applicable  to  all 
engines.  The  Sulzcr  engine,  it  should  be  said,  worked  a  Eiedler 
pump,  having  the  pump  valves  mechanically  shut  and  opened,  and 
its  piston  speed  was  about  double  what  was  usual  in  a  pumping 
engine.  He  merely  mentioned  those  figures  to  show  that,  although 
the  amount  of  leakage  might  be  as  much  as  20  per  cent,  of  the  steam 
passing  through  the  cylinder  in  the  small  engine  used  at  King's 
College,  when  one  came  to  a  pumping  engine,  as  Mr.  Davey  pointed 
out,  the  corresponding  effect  of  leakage,  owing  to  the  enormous 
volume  of  the  cylinder  compared  to  the  leakage  area,  was  a  very 
different  matter  altogether,  and  possibly  some  of  the  good  results 
obtained  by  pumping  engines  might  be  due  to  that.  He  would 
also  like  to  mention  a  couple  of  results  of  actual  measurements 
of  leakage  from  a  Belliss  engine  using  piston-valves.  One  of  the 
engines  (marked  Fi  and  F.  in  Fig.  57),  a  1,200  H.P.  engine,  was  first 
tested  without  any  rings  in  the  piston-valve  at  all,  and  it  did  not 
then  give  very  good  steam-consumption  results ;  it  was  obvious, 
according  to  the  indicator  card,  that  tbero  was  leakage.  It  was  then 
tested  with  spring  rings  in  the  piston-valve,  and  there  was  an 
increased  efficiency  in  the  steam  consumption  of  the  engine  of  12  per 
cent.  It  is  right  to  point  out  however  that  this  improvement  was 
not  all  due  to  reduction  of  leakage,  as  the  low-pressure  valves  had 
been  altered,  giving  a  better  steam  distribution.  He  would  like  also 
to  mention  another  actual  leakage  test  made  at  Messrs.  Belliss  and 
Morcom's  works  with  a  small  unjacketed  high-speed  engine,  using 
steam  at  80  lbs.  worked  under  various  conditions.  The  piston-valve 
was  fitted  with  solid  rings,  which,  in  the  first  instance,  were  actually 
ground  into  the  valve-chest  so  that  they  were  as  tight  as  possible. 
The  water-consumption  per  indicated  H.P.  was  obtained  with  the 
engine  under  those  conditions,  both  non-condensing  and  condensing, 
with  saturated  and  with  slightly  superheated  steam,  but  the  actual 
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TABLE  18. 

Table  of  various  sizes  of  Engines,  slwicing  Ratio  of  Space  tJirough  which 
Leakage  could  occur  to  Volume  of  Hi gJi- Pressure  Cylinder  and 
Clearance. 
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amount  of  superlieat  was  not  measured.     Six  thousandths  of  an  inch 
were  then  turned  off  the  rings,  and  the  engine  was  tested  again  under 
exactly  the  same  conditions  of  load  and  of  initial  pressure,  the  result 
being  an  increased  water  consumption  per  indicated  H.P.  of  22^  per 
cent,  in  the  case  of  the  saturated  steam  experiment,  and  of  10^  per 
cent,  with   the   slightly  superheated   steam   experiment,   both   non- 
condensing.      This    showed    the    immense    effect    of    even    slight 
superheat  in  diminishing  leakage,  as  referred  to  in  Professor  Capper's 
Table  3  (page  214).    With  the  engine  condensing,  only  one  experiment 
was  made  with   saturated   steam,  and  there  the   increase   of  water 
consumption  due  to  the  reduction  in  the  valve  ring  was  14^  per  cent. 
Mr.  Maw  seemed  to  invite  members  to  say  what  they  thought  the 
Committee  should  do  in  the  future ;   and  he  should  like  to  ask  if  it 
would  be  possible  for  the  Committee  to  test  an  engine  with  drop- 
valves   or   Cornish   valves.      The   drop-valve   had   this   very  great 
advantage,  especially  as  fur  as  leakage  was  concerned,  that  it  could 
only  be   used   as   an   admission   valve.      The  exhaust   valve   must 
necessarily   be   at   a   different   part   of    the   cylinder ;    and   it   was 
impossible  to  have  any  leakage  between  the  admission  and  exhaust 
ports  such  as  occurred  with  the  slide-valve.     In  that  way  the  drop- 
valve  must  simplify  results.     Also,  if  the  drop-valve  was  tight  cold, 
one  could  easily  test  if  it  was  tight  hot ;  and  no  leakage,  supposing 
it  was  tight  and  remained  tight  under  the  heat  of  the  steam,  could 
occur  through  the  valve  during  the  whole  of  the  expansion  part  of 
the  stroke.     Therefore  with  a  drop-valve  engine  it  would  appear  (if 
the  above  reasoning  was  correct)  that  a  simple  experiment  could  be 
made  by  testing  the  leakage  when  standing  before-hand,  and  if  it 
existed,  the  valve  could  be  re-ground  so  as  to  eliminate  the  leakage. 
He  was  sure  there  were  a  number  of  pumping-engines  round  London 
and  other  places  working  hour  by  hour  and  day  by  day  under  constant 
loads  with  drop-valves,  some  of  them  single-acting  engines,  on  which 
leakage  experiments  could  be  easily  made ;  and  if  a  large  commercial 
engine    of    that    kind    could    be    experimented   with    under    such 
conditions,   the    results   would    be    of    advantage   to   engineers   in 
general. 


Apkil  1905.  STEAM-ENGIXE   RESEARCH.  307 


Discussion  on  Friday,  14<7i  Ajyril  1905. 

Mr.  Mark  Eobinson,  Member  of  Council,  thouglit  that  after  two 
evenings  of  a  very  interesting  discussion  the  members  might  approve 
of  shortening  the  proceedings  by  agreeing  to  take  as  said  the 
compliments  which  the  Eeport  well  deserved.  He  thought  the 
author,  after  all  the  praise  which  had  been  offered  to  him,  might 
iiot  less  appreciate  a  little  criticism.  On  page  233  it  was  stated 
that  "  the  total  condensation  up  to  cut-off  increases  with  increased 
pressure  and  temperature  of  admission.  As  the  cut-off  was  constant, 
condensation  therefore  increases  with  the  difference  between  the 
temperature  of  admission  and  exhaust."  That  was  the  accepted 
view,  well  established  by  Mr.  Willans'  trials,  and  many  others, 
namely,  that  the  greater  the  range  of  temperature  the  greater  the 
condensation,  though  in  fact  it  was  but  another  form  of  the  truism 
that  it  took  more  heat  to  warm  up  a  given  weight  of  metal  to  a  high 
temperature  than  it  did  to  a  low  one.  But  on  page  236,  with  the 
added  dignity  of  italics,  it  was  said  that  "  expressed  as  a  percentage 
of  the  steam  entering  the  cylinder,  the  losses  due  to  condensation  on 
the  cylinder  walls  of  unjacketed  engines  diminish  with  increased 
initial  pressure  and  temperature  for  a  given  ratio  of  expansion,  quite 
independently  of  the  influence  of  speed."  The  words  "  for  a  given 
ratio  of  expansion  "  made  the  preceding  statement  true,  but  he  was 
afraid  they  also  made  it  largely  valueless,  and  even  dangerous,  by 
tending  to  mislead  the  learner.  The  main  deduction  which  seemed 
to  be  drawn  in  that  paragraph  was  that  the  condensation  diminished 
with  increasing  temperature.  Of  course  it  diminished,  but  it  was 
not  because  of  the  increasing  temperature  ;  it  was  in  spite  of  the 
increasing  temperature.  He  was  aware  that  the  data  for  this 
statement  would  be  found  in  the  Paper,  and  of  course  the  author  was 
under  no  misapprehension,  but  he  thought  the  way  the  facts  were 
presented  tended  to  mislead  a  reader  not  well  up  in  the  subject.  The 
higher  range  of  temperature,  supposing  other  things  to  be  equal  (as 
the  "  other  things  "  ought  to  be,  in  all  experimenting),  increased  the 
condensation  ;  but  since  the  higher  temj)erature  was  merely  the  result 
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of  throttling  the  steam  less,  and  so  passing  a  much  larger  quantity 
through  the  engine,  the  condensation,  which  was  more  or  less  a  fixed 
quantity  depending  on  the  temperature  and  not  on  the  quantity  of 
the  steam,  of  course  diminished  rapidly  as  a  percentage  of  the 
quantity  of  steam  used.  He  could  not  help  thinking  that  the  author 
might  have  pointed  out,  not  that  the  percentage  diminished  with  the 
rise  of  temperature,  but  that  it  increased  with  it,  although  in  the 
present  case  the  increase  was  neutralised  by  the  merely  accidental 
interference  of  other  causes. 

If  the  work  done  in  a  shoji  was  increased,  so  that  the  tools  were 
more  fully  employed,  the  standing  charges  would  also  increase,  but 
in  a  less  proportion  than  the  value  of  the  work  turned  out ;  hence 
they  were  easier  to  bear  than  when  the  shoj)  was  working  with  only 
half  the  tools  employed.  But  he  would  be  a  bad  accountant  who  set 
forth  that  fact  to  support  a  general  statement  that  standing  charges 
diminished  when  more  tools  were  running,  unless  he  had  laid  more 
stress  upon  the  qualification  than  u2)on  the  statement. 

With  regard  to  valve  leakage,  he  presumed  that  question  had 
been  fully  dealt  with  by  Captain  Sankey  at  the  last  Meeting, 
although  he  had  not  the  pleasure  of  hearing  him ;  but  he  could  not 
help  inquiring  why,  in  carrying  out  experiments  of  a  kind  in  which 
any  serious  valve  leakage  must  be  fatal  to  accuracy,  such  an 
imperfect  instrument  as  a  slide-valve  should  be  used.  Heated  up  on 
one  side  with  live  steam  and  cooled  on  the  other  by  exhaust,  a  slide- 
valve  necessarily  warped  and  twisted,  and  let  the  steam  through. 
With  Corliss  valves  and  piston-valves  to  fall  back  upon,  he  could 
not  understand  why  the  makers  of  experimental  engines  should  use 
slide-valves  rather  than  adopt  something  better. 

Mr.  Deuitt  Halpin  was  greatly  surprised  to  hear  from 
Mr.  Peudred  (page  282),  in  speaking  on  the  question  of  jackets,  that 
none  of  the  racers  that  had  won  first  place  were  jacketed.  He  had 
spoken  to  him  about  it,  and  Mr.  Pendred  had  said  they  were  jacketed, 
but  that  their  jackets  were  out  of  use  during  the  time  of  the  tests. 
If  that  was  so  the  matter  ought  to  be  threshed  out,  and  it  ought  to  be 
known  now  before  it  became  a  matter  so  far  back  in  history  as  to 
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be  untraceable.  Taking  the  engines  that  ran  in  1872  at  Cardiff, 
Clayton's  engine  certainly  was  most  elaborately  jacketed,  not  alone 
on  the  barrel,  covers,  and  valve-chest,  but  everywhere,  the  whole 
thing  being  put  even  into  the  smoke-box.  He  did  not  clearly  see 
therefore  how  it  could  have  been  more  jacketed.  If  it  was  the  fact, 
as  Mr.  Pendred  said,  that  those  jackets  were  shut  off,  it  would  be  a 
valuable  thing  to  know.*  In  1887  they  ran  at  Newcastle,  and 
Mr.  Pendred  said  that  the  jackets  were  shut  off  there  in  the  engine 
which  was  given  the  prize.  But  there  were  several  others  that  ran, 
in  which  he  knew  the  jackets  were  not  shut  off.  In  1888  they  ran 
in  Glasgow,  and  there  he  was  positive  the  jackets  were  not  shut  off 
in  the  winning  engine,  because  he  designed  the  engine  himself,  and 
it  was  so  designed  that  the  jackets  could  not  be  shut  off.  The  value 
of  jacketing  had  been  discussed  a  great  deal  in  the  Institution,  as 
also  had  been  the  increasing  their  efBciency  by  ribbing  the  jackets, 
and  one  Professor  proved  completely  to  his  own  satisfaction  that  the 
whole  thing  was  nonsense,  that  it  retarded  the  transmission  of  heat 
into  the  cylinder.  But  when  the  amount  of  heat  actually  transmitted 
was  absolutely  measured  by  weighing  water,  and  using  thermometers, 
it  was  found  instead  of  retarding  the  transmission  of  heat,  the 
transmission  of  heat  was  increased  in  the  ratio  of  3  •  4  to  one.  He 
had  seen  scores  of  those  engines,  common,  commercial,  portable 
engines,  without  superheating  and  without  condensing,  developing 
I.H.P.  with  19-7  and  19-5  lbs.  of  water. 

With  regard  to  experimental  engines,  there  was  one  at 
Nottingham  College  where  the  jacketing  was  carried  out  from  the 
piston-rod  right  round  back  to  the  piston-rod,  including  both  covers 
and  valve-chests.  There  was  a  cover  at  the  end  of  each  cylinder 
and  a  false  cover  outside,  so  that  the  whole  of  the  flanges  of  the 
covers  were  also  jacketed,  and  the  jackets  were  ribbed  all  over  and 
the  covers  were  also  ribbed  all  over.  As  much  heat  was  got  through 
as  possible,  and  the  result  was  a  small  engine  indicating  30  H.P. 

*  Mr.  Halpin  subsequently  wrote  to  Messrs.  Clayton  and  Shuttle  worth 
asking  them  whether  a  steam-jacket  was  actually  in  use  when  their  engine  was 
tested  in  Cardiff  in  1872,  but  they  answered  that  all  the  people  connected  with 
the  trial  were  dead,  and  unfortunately  they  had  no  record  of  the  matter. 
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■with  65  lbs.  of  steam  doing  its  work  on  17  "4  lbs.  of  water  without 
superheating  the  steam. 

The  question  had  been  raised  of  slide-valve  leakage.     It  was  in 
1870  or  1871  that  he  first  saw  a  slide-valve  working,  and  the  leakage 

could  be  seen.  He  exhibited  at  the  Meeting  a  model  of  one  that  he 
had  at  work  in  a  locomotive,  17-inch  engine,  Fig.  59  (below). 
The  valves  were  in  the  open  ended  steam-chest.  The  valve-rods 
■went  through  guides  at  the  back  end  and  the  valves  leaked.  They 
were  scraped   absolutely  true,  but   still  they   leaked.      People  did 

Fig.  59. — SinarVs  Balanced  Slide-Vahe. 
Model  exhibited  in  South  Kensington  Museum. 


not  know  as  much  35  years  ago  as  they  knew  now,  and  they  could 
not  discover  the  reason  of  the  leakage.  A  bucket  with  heater  was 
used  aud  a  fire  was  put  under  it,  and  the  water  kept  boiling,  and 
one  of  the  valves  was  taken  by  tongs  and  put  in  the  bucket,  so  that  it 
was  known  that  the  temperature  was  at  210^  or  212'  F.  It  was  taken 
out  quickly,  and  put  on  the  surface  plate  again  and  the  Avhole  thing 
could  be  seen.  Three  or  four  layers  of  tracing  paper  were  put  under 
the  valve  at  various  positions,  and  the  whole  valve  was  found  to  be 
buckled  up  from  heat.  It  might  be  said  that  that  was  an  unfair  way 
to  look  at  it,  because  a  grid-iron  valve  taking  steam  through  it  was 
more  complicated  than  the  ordinary  flat-valve,  and  for  that  reason 
it  might  be  more  sensitive  to  changes  of  temperature. 
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Mr.  C.  H.  WiNGFiELD  said  that  reference  was  made  (page  174)  to 
some  separators  consisting  of  U  tubes,  and  the  result  of  some 
experiments  wliicli  were  kindly  made  by  Messrs.  Willans  and 
Eobinson  for  him  might  be  of  interest.  He  could  not  give  the  exact 
figures,  as  they  were  made  for  another  Committee  and  he  was  not  at 
liberty  to  publish  details.  Fig.  60  represented  the  apparatus  and 
showed  at  A  a  tube  arranged  on  the  same  principle  as  those  used  by 
the  author.  The  steam,  and  whatever  water  there  was  at  the  bottom 
of  the  main  steam-pipe,  entered  where  the  arrow  indicated,  struck 


Fig.  60. 
Separation  of  the  Tracer. 


^;4CAv: 


Fig.  61. 
Dryness-Fraction. 
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against  the  side  of  the  vertical  pipe,  and  the  steam  went  upwards, 
the  water  being  supposed  to  drop  down  to  the  bottom.  He  had  great 
doubts  as  to  the  efficiency  of  such  a  device  and,  in  order  to  ascertain 
if  these  were  well  founded,  a  second  separator  B  was  fitted  in  series 
with  A.  If  the  separator  marked  A  was  perfectly  efficient,  there 
would  be  no  water  in  B  except  such  as  was  condensed  between  the 
two.  This  could  only  be  minute  in  quantity,  as  the  whole  apparatus 
was  very  carefully  lagged.  The  result  of  the  experiments  was  that, 
when  steam  was  passing  slowly,  rather  more  water  was  caught  in 
A  than  in  B,  and  when  it  was  made  to  pass  quickly  more  water  was 
caught  in  B  than  in  A. 

He  wished  to  say  a  few  words  about  the  "  dryness-fraction  "  as, 

z  2 
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althougli  of  great  importance  in  tlie  thermodynamics  of  steam,  its 
meaning  was  sometimes  misunderstood,  and  the  author  was  not  quite 
so  clear  in  his  words  as  he  knew  him  to  be  in  his  mind  on  this 
point.  In  an  indicator  diagram,  such  as  shown  in  Fig.  61  (page  311), 
horizontal  distances  corresponded,  as  was  well-known,  to  volumes, 
when  measured  on  a  suitable  scale.  Let  two  saturation  curves  a  h 
and  c  d  be  drawn  ;  the  former  through  h  (the  point  where  the  exhaust- 
valve  closed)  and  the  latter  at  such  a  distance  from  a  h  that,  if  any 
horizontal  line  were  drawn  through  the  two  curves,  the  length  of  the 
intercept  between  them  would  represent  the  volume  which  the 
weight  of  steam  and  moisture  discharged  through  the  exhaust  pipe 
at  each  stroke  would  occupy  (if  it  were  all  in  the  form  of  saturated 
steam),  at  the  pressure  corresponding  to  the  height  of  the  horizontal 
line  in  question. 

Similarly,  the  horizontal  width  of  the  shaded  area  at  any  point 

was  a  measure  of  the  volume  of  saturated  steam  (at  the  pressure 

corresponding  to  the  height  of  the  selected  point),  which  was  equal 

in  weight  to  that  of  the  volume  c  h  of  "  play-steam  "  *  shut  up  in 

the   cylinder   and  clearance  when  the   exhaust-valve   closed   at   b. 

Although  not   measured  with    the   condensed    discharge   from   the 

exhaust,    this    "  play-steam  "    was    present    in    the   cylinder   and 

clearance  throughout  the  expansion,  and  its  weight  must  therefore 

appear  both  in  the  numerator  and  denominator   of  the   "  dryness- 

fraction."     At  any  one  pressure,  such  for  instance  as  the  pressure  p 

of  release,  horizontal  distances   might   equally   well   be  taken   as 

measures   of    weight   as   of  volume,   and    the   figure   was  marked 

accordingly.     In   the   terms   shown  on  the  diagram,  the  dryness- 

fraction  at  "  release "  was  obtained  by  dividing  iv  by  W,  and  this 

agreed  with  the  author's   definition  on  page  239,  which  he  would 

take  the  liberty  of  somewhat  amplifying,  namely,  the  "  ratio  of  steam 

present   in   the   cylinder   at   cut-oflf"   (or  any  other  point   in   the 

expansion-curve)  "  to  the  total  steam  and  moisture  "  then  present  in 

the   cylinder.     (Of  course  in  the  term   "  cylinder "   the   clearance 

volume  was  included.) 

*  A  name  introduced  by  Mr.  Macfarlane  Gray. 
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Another  definition  was,  however,  given  on  page  226  (in  wliicli  the 
"play-steam"  did  not  appear  in  the  denominator)  corresponding 
to  wjv-^^  in  Fig.  61  (page  311),  and  he  suggested  this  should  be 
corrected  in  the  two  places  where  the  slip  occurred.  [This  has  been 
done.] 

Yet  another  definition  had  been  given  in  a  popular  text-book,* 
which  was  quite  incorrect.  It  would  correspond  with  r/t'^  in  Fig.  61, 
if  the  compression  line  followed  the  saturation  curve  as  the 
author  of  the  book  appeared  to  have  assumed.  This  was  by  no 
means  necessarily  the  case,  however.  The  fact  that  the  speaker  had 
often  found  confusion  to  exist  with  regard  to  the  "  dryness-fraction  " 
must  be  his  excuse  for  dwelling  upon  it  at  such  length. 

On  page  225  it  was  mentioned  that  in  some  of  the  indicator 
diagrams  the  admission  line  sloped  considerably.  As  far  as  he 
could  gee,  the  author  had  taken  the  highest  point  as  the  admission 
pressure.  Mr.  Willans,  in  the  first  of  his  classical  papers,  took  the 
mean  admission  pressure,  because  he  considered  that  the  results 
obtained  in  calculation  on  that  basis  were  more  consistent  than 
when  he  took  the  top  of  the  line.  In  his  second  Paper,  however, 
he  abandoned  the  first  practice  in  favour  of  the  second. 

On  page  175  he  noticed  that  the  vacuum  was  regulated  by 
opening  an  air-cock  to  the  condenser.  As  a  matter  of  interest  he 
should  like  to  know  whether  this  cock  wanted  much  attention,  in 
order  to  keep  the  vacuum  constant.  A  rather  interesting  action 
took  place  when  air  was  mixed  with  steam.  It  might  be  known,  but 
he  did  not  think  it  was  as  well  known  as  it  should  be.  When  even  a 
very  small  quantity  of  air  went  into  a  condenser  it  was  astonishing,  at 
first  sight,  to  find  how  much  the  vacuum  was  affected.  What 
happened,  he  believed,  was  that  the  air  and  steam  mixed  uji  with  more 
or  less  uniformity,  probably  less.  Particles  of  steam  charged  with 
air  came  into  contact  with  the  cooling  surface,  and  were  condensed, 
each  leaving  its  partner  of  air  behind  it.  Gradually,  enough  air  was 
accumulated  to  make  a  cushion  of  approximately  non-conductiug 
material,  which  reduced  the  efficiency  of  the  condensing  surfaces, 

*  H.  A.  Golding's  "  Tbeta-phi  diagram"  (1898  edition),  page  22. 
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until  a  puff  of  steam  came  and  blew  it  off,  and  tLen  the  action 
began  again.  On  this  account  he  anticipated  the  air-cock  might 
want  a  good  deal  of  regulation  to  maintain  a  uniform  vacuimi. 

On  page  190  the  author  referred  to  a  standard  of  comparison,  in 
which  he  took  the  same  upper  limit  of  temperature  as  that  which 
was  fixed  by  a  committee  of  the  Institution  of  Civil  Engineers, 
namely,  the  temperature  at  the  stop-valve.  When  dealing  with  the 
actual  engine  however,  the  preceding  paragraph  showed  he  took 
the  temperature  of  the  steam-chest  as  his  upper  limit :  this  being 
less  was  rather  in  favour  of  the  engine.  The  lower  limit  for  the 
standard  engine  was  not  given,  but  in  the  case  of  the  actual  engine 
tho  author  took  the  temperature  of  the  condensed  water  issuing  from 
the  condenser.  The  Institution  of  Civil  Engineers  fixed  it  as  the 
temperature  of  the  steam  issuing  from  the  exhaust  branch  of  the 
engine.  No  doubt  the  author  had  good  reasons  for  departing  from 
their  standard  in  these  respects,  and  it  would  bo  interesting  to 
know  what  they  were. 

In  conclusion,  he  did  not  think  sufficient  attention  had  been 
called  to  diagrams.  Figs.  44  and  45  (pages  248  and  249).  They 
were  most  valuable  because,  while  they  showed  (what  everyone,  more 
or  less,  thought  they  knew)  that  at  high  pressures  jackets  began  to 
lose  efficiency ;  they  also  showed  there  was  a  lower  limit,  and  that 
the  jacket  was  only  useful  between  those  limits.  The  author  had 
done  some  very  good  work  in  that,  and  it  ought  to  be  appreciated. 

Mr.  Michael  Longeidge,  Member  of  Council,  desired  to  say  one 
or  two  words  about  steam  separators,  because  evidently  from  the 
diagrams  and  from  many  designs  of  separators  which  he  had  seen, 
there  was  a  considerable  misapprehension  about  the  way  they  worked. 
Most  of  the  separators  designed  proceeded  on  the  principle  that  there 
was  a  quiet  atmosphere  within  them,  whereas  as  a  matter  of  fact  there 
was  a  gale  of  wind  blowing  through  them,  and  a  very  heavy  gale  too. 
If  one  tried  to  heat  the  water  out  of  the  steam  by  directing  the 
stream  against  a  surface,  the  water  was  broken  up  into  a  spray  of 
small  drops  which  were  easily  blown  away  by  the  gale  of  wind  and 
carried  forward   in   the   steam ;    but  if  one  took  advantage  of  the 
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momentum  of  these  drops  and  allowed  tliem  to  continue  their  course 
and  deflected  the  steam,  most  of  the  water  would  be  separated  from 
the  steam.  Probably  most  of  the  members  had  played  the  game  of 
billiards,  and  they  all  knew  that  if  a  ball  was  directed  against  the 
cushion  it  would  rebound  obliquely,  the  paths  before  and  after  contact 
making  approximately  equal  angles  with  the  normal  to  the  cushion 
at  the  point  of  contact.  In  the  same  way  a  particle  of  water  coming 
along  the  pipe,  as  sketched,  Fig.  62,  would  strike  the  surface  of  the 
pipe  and  would  come  off  at  an  equal  angle  to  the  normal  to  that 

Fig.  G2.— Steam  Separators. 


■  Stccun/ _- 

aiid  Water  Water  ^ 


surface  and  go  do^m  the  pipe,  whereas  the  steam  would  find  its  way 
straight  up.  That  he  thought  was  the  proper  principle  on  which  to 
make  a  separator. 

Mr.  H.  E.  WiMPEBis  said  that  the  idea  was  to  have  as  few  variables 
as  possible  (page  173),  and  that  the  two  should  be  temperature  and 
speed,  the  cut-off  and  all  other  conditions  being  kept  constant.  That 
seemed  to  him  a  most  excellent  thing.  The  Paper  was  a  sort  of 
quarry  in  which  other  people  might  work.  Mr.  Willans  had  given  a 
somewhat  similar  Paper  many  years  ago,  and  many  people  had  been 
at  work  on  it,  prominent  amongst  them  being  Professor  Perry  ;  since 
then  a  Paper  on  Gas-Engine  Experiments  had  been  read  by  Professor 
Burstall  and  now  there  was  this  Paper  by  Professor  Capper.     All 
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those  Papers  were  mosfc  useful  in  furnishing  material  to  investigators, 
especially  to  those  of  the  student  class,  as  it  familiarised  them  with 
the  ideas  that  underlay  steam-engine  and  gas-engine  working. 
There  was  a  very  important  statement  on  page  177,  and  one  to  which 
but  little  attention  had  been  paid.  It  was  said  :  "  If  on  working  out 
any  trial  any  of  the  conditions  or  observations  were  found  to  vary 
beyond  definite  limits,  the  trial  was  rejected  and  repeated." 
Doubtless  Professor  Capper  in  replying  would  mention  what  those 
limits  were.  It  was  absolutely  necessary  in  certain  cases  to  work  on 
a  rule  of  that  kind,  but  it  was  easy  to  see  that  great  danger  was 
incurred  unless  it  was  worked  on  the  most  conservative  lines. 

On  page  179  were  given  the  errors'due  to  backlash  in  the  indicator, 
and  he  confessed  he  did  not  understand  the  explanation  given  at  the 
bottom  of  the  page.  If  the  backlash  was  constant  on  the  up-stroke 
and  on  the  down-stroke,  seeing  that  the  indicator  pencU.  must  move 
up  as  much  as  it  moved  down  and  move  to  the  right  as  much 
as  to  the  left,  one  would  imagine  that  the  area  of  error  would  have 
been  the  same  for  all  size  of  diagrams,  and  although  more  important 
for  small  ones  would  not  be  affected  by  the  considerations  stated  in 
the  footnote.  On  page  222  the  piston  leak  was  found  to  be  less  than 
2  per  cent,  of  the  steam  consumption  of  the  engine.  How  did  that 
agree  with  a  calculation  based  on  the  customary  formula  ?  If  he 
might  do  so  without  presumption,  he  would  like  to  congratulate 
Professor  Waynforth  on  being  so  happily  associated  in  so  important 
a  work  and  in  the  privilege  of  working  under  so  distinguished 
a  chief. 

Professor  Cappeb,  in  reply,  said  he  would  not  detain  the  meeting 
long,  but  would  begin  by  thanking  those  who  had  spoken  so  kindly 
about  the  work  embodied  in  the  Eeport.  It  had  been  an  arduous 
work,  but  it  had  been  a  work  which  had  been  intensely  interesting. 
One  of  the  great  difficulties  had  been  the  mass  of  information 
accumulated,  and  it  had  been  extremely  difficult  to  compress  it 
within  the  limits  of  a  single  Paper.  For  that  reason  there  was  no 
doubt  that  some  of  the  criticism  that  had  been  called  forth  had  only 
too  great  justification.     Dealing  with  points  raised  in  discussion  he 
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might  perhaps  deal  with  those  which  had  been  made  that  evening 
first  and  reply  to  them  in  the  reverse  order  of  the  speakers. 

Mr.  Wimperis  (page  316)  asked  how  far  the  piston  leak  found 
by  experiment  agreed  with  formula  ?  He  was  not  quite  clear  to 
what  formula  Mr.  Wimperis  was  referring ;  he  thought  it  was 
probably  the  formula  by  Callendar  and  Nicolson  for  slide-valve 
leakage.  But  that  formula  did  not  really  apply  in  the  case  of  the 
piston  leak.  He  did  not  moreover  think  the  formula  was  a  final 
one,  as  he  would  show  later  on.  Mr.  Longridge  had  given  a  very 
lucid  and  interesting  description  of  how  to  make  separators,  which 
was  extremely  helpful,  as  Mr.  Longridge's  suggestions  generally 
were.  Mr.  Mark  Eobinson  had  attacked  one  passage  in  the  Report, 
and  added  that  no  doubt  it  would  be  intelligible  if  the  Paper  were 
carefully  studied.  To  pick  out  a  clause  as  Mr.  Mark  Eobinson  did 
and  to  say  that  that  clause  might  be  misunderstood,  if  the  text  was 
not  read,  was  perhaps  a  little  bit  unfair  to  one  who  was  trying  to 
make  lucid  what  was  a  very  complicated  subject.  He  really  could 
not  write  a  Paper  on  such  a  subject  that  would  be  clear  to  those  who 
did  not  take  the  trouble  to  read  it. 

With  regard  to  the  dryness-fraction,  Mr.  Wingfield  criticised  the 
definitions  in  the  Paper  as  ambiguous,  but,  as  far  as  he  could  gather, 
Mr.  Wingfield's  definition  was  exactly  the  same  as  his  own.  If  the 
members  would  turn  to  page  226,  they  would  see  that  what  he  said 
was  not  in  the  least  that  the  dryness-fraction  was  the  ratio  between 
the  steam  consumed  by  the  engine  as  measured  on  an  indicator  and 
the  condenser  discharge,  but  the  ratio  between  the  steam  measured 
upon  the  indicator  card  up  to  cut-off  or  release  and  the  measured 
condenser  discharge  from  the  exhaust.  That  was  exactly  the 
ratio -^ 

Mr.  Wingfield  said  he  was  speaking  of  the  denominator  W. 

Professor  Cappeb  said  that  v:  was  the  whole  steam  up  to  the 
saturation  curve  and  therefore  gave  the  same  ratio  as  Mr.  Wingfield. 
He  would  alter  the  wording  before  the  final  reprint  so  as  to  avoid 
any  possible  ambiguity. 
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With  regard  to  trial  B^  (page  198),  if  tlie  Paper  was  read,  a 
full  explanation  of  the  irregularity  in  the  dryness-fractions  of  B^ 
would  be  found.  This  trial  was  dealt  with  at  considerable  length. 
The  steam  at  admission  on  this  trial  was  dryer  than  on  the  others, 
because  in  B^  there  was  a  considerable  additional  throttling,  and 
therefore  the  steam  when  admitted  was  dryer  than  in  the  other  cases. 
That  was  the  reason  why  Bj  showed  irregularity  with  regard  to 
dryness. 

Mr.  Pendred  drew  attention  to  the  fact  that  an  experimenter  was 
very  apt,  however  strenuously  he  might  endeavour  to  avoid  the  fault, 
to  be  led  away  in  a  scientific  laboratory  experiment  from  the  usual 
conditions  of  working  practice.  In  order  to  make  experiments  of 
the  sort  described,  as  anyone  who  had  tried  would  know,  one  must  of 
necessity  prevent  a  large  part  of  the  accidental  discrepancies  that 
occurred  in  ordinary  practical  working,  or  else  one  could  not  get  the 
information  one  was  seeking  at  all.  Therefore  when  it  was  urged 
that  during  the  experiments  ordinary  working  conditions  did  not 
obtain,  one  could  only  say  himibly  that  some  of  the  variables  must 
be  cut  out  or  else  scientific  information  could  not  be  got  at  all. 
When  Mr.  Pendred  said  that  the  author  did  not  make  himself  quite 
clear  with  regard  to  the  question  of  re-evaporation  he  thought  it 
would  be  possible — although  he  should  be  sorry  to  do  so — to  retort 
that  Mr.  Pendred  still  more  laid  himself  open  to  attack  when  he 
said  (page  283)  that  "  whatever  went  into  the  cylinder  as  steam 
must  leave  it  as  steam,  and  Avhatevcr  went  into  it  as  water  must 
leave  it  as  water/'  and  made  that  bold  statement  without  any 
limitation  whatever.  That  statement  was  perfectly  untrue,  if  it  was 
not  very  carefully  qualified.  It  was  only  true  with  a  closed  cycle.  In 
the  experiments  under  discussion  the  author  was  not  concerned  with 
what  happened  after  opening  to  exhaust.  After  opening  to  exhaust, 
such  very  variable  conditions  existed  that  any  exact  determination  of 
what  was  taking  jAace  was  extremely  difficult,  and  even  if  this  were 
determined,  except  as  regards  the  main  factors,  such  as  temperature 
pressure,  etc.,  the  results  were  not  of  much  practical  value  to  the 
particular  enquiry  under  discussion.  The  work  in  the  present 
experiments  had  chiefly  been  devoted  to  tryiug   to   determine  the 
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laws  governing  initial  condensation.  This  was  the  original  ohject 
of  the  enquiry.  Therefore,  when  in  the  Eeport  he  spoke  of 
"  re-evaporation,"  he  spoke  of  re-evaporation  in  its  usual  acceptation, 
that  is,  up  to  the  point  of  release.  After  that  point  there  was  of 
course  a  great  deal  of  re-ovaporation  into  the  condenser,  but  they 
were  not  concerned  with  that  phenomenon. 

With  regard  to  jackets,  Mr.  Pendred  had  said  (page  282)  that 
many  experiments  had  been  made  thirty-two  or  thirty-three  years  ago 
on  jackets,  and  it  was  found  in  all  cases  that  the  engines  without  jackets 
were  more  economical  than  those  with.  He  did  not  wonder  at  that. 
Countless  experiments  could  be  adduced  to  show  that  and  countless 
others  to  show  the  contrary.  Very  little  was  known  about  the 
behaviour  of  the  jackets  thirty-three  years  ago.  It  all  depended  on 
whether  the  jackets  were  used  and  worked  soundly  or  not,  and  he 
hoped  he  had  possibly  added  a  little  to  that  information  by  this 
Paper.  If  one  used  jackets  (as  was  generally  the  case  thirty-three 
years  ago,  and  was  sometimes  the  case  even  now)  without  providing 
any  possibility  for  the  steam  to  circulate  in  the  jackets,  one  might 
just  as  well  put  the  cylinder  into  the  condenser  at  once ;  and 
consequently  one  was  likely  under  those  conditions  to  find  the  non- 
jacketed  engine  more  efficient  than  the  jacketed.  If  enquiry  was 
made  into  many  of  those  cases  where  the  jackets  were  detrimental,  it 
would  be  found  that  instead  of  being  steam-jackets  the  jackets  were 
really  water-jackets,  and  for  that  reason  a  good  many  of  the 
comparative  experiments  were  worthless. 

The  main  portion  of  all  the  remarks  that  had  been  made  had 
been  devoted  to  valve  leakage,  as  might  have  been  expected.  It 
was  an  extremely  important  subject,  and  an  enormous  debt  of 
gratitude  was  owing  to  Messrs.  Callendar  and  Nicolson  for  having 
first  drawn  attention  to  it.  But  an  enormous  grudge  was  also  owing 
to  them  from  the  experimenters  who  came  after  them,  because  they 
had  enormously  increased  the  labours  of  anybody  who  followed  after 
them.  It  was  perfectly  impossible  to  get  any  reliable  results  as  to 
initial  condensation  and  re-evaporation,  without  measuring  the  valve 
leakage.  Therefore  it  was  desirable  to  so  add  n-p  and  pile  up 
experiment  on  experiment  on  different  types  of  valve,  on  different  ways 
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of  working  valves,  and  so  on,  that  knowledge  might  be  gained  of  what 
leakage  was  likely  to  be  obtained  under  any  given  set  of  conditions. 
He  hoped  nobody  would  think  that  he  pretended  these  experiments 
were  in  any  way  exhaustive.  They  had,  as  Mr.  Maw  said,  only  just 
touched  the  fringe  of  the  subject,  and  he  hoped  that  others  working 
on  the  same  lines  would  add  vastly  more  information.  The  law  of 
leakage  suggested  by  Messrs.  Callendar  and  Nicolsou,  which  he  had 
accepted  tentatively,  and  only  tentatively,  was  thrown  out  as  a 
working  hypothesis.  It  seemed  to  him  that  the  best  way  to  try  and 
add  to  knowledge  was  to  take  the  hypothesis  of  one's  predecessors 
and  see  how  far  one's  own  results  concurred  with  this  hypothesis. 
Therefore,  as  he  stated  in  the  report,  he  had  adopted  the  constant 
suggested  by  Messrs.  Callendar  and  Nicolson.  The  present 
experiments  showed  that  the  value  of  C,  which  on  their  hypothesis 
should  be  a  constant,  varied  so  much  that  it  was  not  a  constant  at  all. 
That  showed  that  the  assumptions  made  must  be  modified,  and  that 
the  suggestion  of  Messrs.  Callendar  and  Nicolson  was  only  a 
tentative  one.  Mr.  Longridge  and  other  speakers  had  rightly 
pointed  out  that  tliere  were  certain  indications — he  would  not  say 
more  because  the  experiments  were  not  numerous  enough  to  be  sure 
about  it — but  there  were  indications  that  the  variation  of  leakage 
was  possibly  not  directly  as  the  pressure  but  as  the  square  root  of 
the  '  pressure.  Mr.  Cabena  at  the  last  Meeting  rightly  pointed 
out  that  the  results  on  Fig.  32  (page  212)  really  lay  on  a  straight 
line  and  that  the  first  part  was  extrapolated.  If  that  straight 
line  were  produced  back  to  the  origin  of  pressure  differences,  it 
would  be  found  that  at  zero  pressure  there  was  still  a  leakage 
which  Mr.  Cabena  attributed  to  mechanical  leakage.  That  was 
perfectly  true,  and  he  himself  was  struck  with  it  when  he  first 
plotted  the  curve.  He  drew  out  the  curve  in  all  sorts  of  ways 
varying  with  temperature,  with  pressure,  and  with  difference  of 
pressure. 

Professor  Burstall  pointed  out  (page  286)  that  the  curves  were 
straight  lines  which  came  to  an  origin  of  temperature,  but  it  was 
curious  that  if  the  points  were  drawn  as  straight  lines  they  also 
came  to  an  origin  of  pressure,  not  of  difference  of  pressure  but  of 
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absolute  pressure.  Starting  from  zero  of  pressure  instead  of  a  zero 
of  the  difference  of  pressure,  a  perfectly  straight  line  was  obtained 
from  those  points.  He  failed  to  see  any  physical  explanation  of  this 
fact,  but  it  was  suggestive,  possibly  as  Mr.  Cabena  said,  of  mechanical 
leakage  taking  place. 

Mr.  Cabena  had  also  remarked  on  the  lubrication  failure.  That 
was  rather  an  interesting  point,  and  perhaps  in  his  desire  in  the 
Report  to  be  succinct  he  had  not  been  absolutely  clear.  Not  only  did 
lubrication  fail  in  that  case,  but  as  a  matter  of  fact  the  valve  seized 
and  was  scored.  The  valve  was  taken  out  and  he  made  some 
subsequent  experiments  to  see  what  the  effect  of  the  scoring  was,  and 
the  interesting  point  was  that  after  the  burr  had  been  taken  off — 
there  was  one  pretty  deep  score  in  the  valve — the  leakage  seemed  to 
be  reduced  by  that  score.  That  no  doubt,  Mr.  Longridge  would  say, 
was  just  as  he  expected.  The  effect  of  having  a  score  which  came 
quite  close  to  the  edge  of  the  valve  was,  as  far  as  it  had  any  effect  at 
all,  to  reduce  the  leakage,  partly  probably  owing  to  the  fact  that 
there  was  improved  lubrication  and  possibly  owing  to  what  Mr. 
Longridge  maintained,  that  a  valve  which  had  no  lap  at  all  except  a 
line  would  be  really  more  tight  than  one  which  had  lap.  As  he  had 
shown  in  the  Paper  this  view  was  not  borne  out  by  experiment. 

Mr.  Stromeyer  had  referred  to  Eig.  36  (page  222)  and  asked 
why  the  experiments  were  carried  out  under  such  bad  conditions  ; 
and  in  his  usual  thorough  manner,  after  working  out  the  weight  of 
the  steam  at  each  point  of  the  stroke  from  the  diagram,  said  that 
there  must  have  been  some  communication  with  the  atmosphere.  As 
a  matter  of  fact  there  was,  because  the  leak  was  being  measured  at 
the  time,  and  naturally  there  was  a  communication  through  a  suitable 
trap  with  the  atmosphere,  and  that  was  of  course  what  upset  the 
diagram  from  Mr.  Stromeyer's  point  of  view.  He  thought  Mr. 
Stromeyer  took  it  as  though  the  blocked  end  was  simply  shut  up,  in 
which  case  of  course  there  would  not  have  been  the  variation  he 
alluded  to.  Mr.  Stromeyer's  figures  bore  out  the  view  that  the 
leakage  was  negligible  from  the  piston  under  all  conditions. 

He  had  to  thank  Mr.  Maw  especially  for  his  kind  remarks  (page 
267).    Mr.  Maw  asked  him  to  explain  how  the  lubrication  of  the 
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valve  was  carried  out  (page  270).  It  was  carried  out  in  the 
following  manner.  There  was  a  sight-feed  lubricator  which  entered 
the  steam-pipe  after  the  stop-valve.  There  was  an  ordinary  siphon 
lubricator  on  the  top  of  the  steam-chest,  and  the  sight-feed  lubricator 
was  run  in  all  cases  as  stated  in  the  Tables  at  about  two  drops  per 
minute.  The  difference  between  the  two  top  curves  of  Fig.  32 
(page  212)  and  the  bottom  ones  was  that  in  the  bottom  ones  the 
siphon  lubricator  on  the  steam-chest  was  running  freely,  while  in 
others  the  siphon  lubricator  on  the  steam-chest  was  stopped.  Where 
there  was  not  a  large  quantity  of  steam  passing  through,  as,  for 
instance,  when  the  only  steam  passing  was  the  steam  that  had  leaked 
past  the  valve,  one  would  expect  to  get  a  more  perfect  lubrication  than 
would  be  obtained  with  the  full  quantity  of  steam  running  through,  as 
would  be  the  case  when  an  engine  was  in  full  work.  Mr.  Maw  had 
also  asked  at  what  pressure  the  jackets  were  supplied  with  steam.  In 
all  cases  the  jackets  were  supplied  with  steam  at  steam-chest  pressure. 

Professor  Burstall  had  pointed  out  (page  286)  that  the  leakage 
of  the  slide-valve  was  probably  to  a  large  extent  due  to  the  warping 
of  the  valve.  That  was  possibly  right.  Ho  also  pointed  out  as 
already  noted  that  the  leakage  varied  as  the  temperature,  if  the 
diagrams  were  drawn  on  a  scale  of  temperatures.  He  was  also 
surprised  at  the  dryness  of  the  steam.  Tliat  again  was  due  to  the 
difficulty  of  thoroughly  reading  the  Eeport  in  the  short  time  at  the 
disposal  of  the  members.  It  was  fully  explained  in  the  Eeport  that 
the  steam  was  dry  partly  owing  to  the  fact  that  a  separator  was  used 
somewhat  of  the  form,  but  not  quite  the  form,  of  that  suggested  by 
Mr.  Longridge,  and  secondly  because  it  was  found  impossible  to  get 
steady  and  uniform  pressures  in  the  steam-chest  from  the  boiler 
without  throttling.  As  a  result,  the  steam  was  in  all  cases  dried  to 
a  certain  extent  before  coming  into  the  cylinder  by  that  throttling. 

Mr.  Mellanby  had  made  some  very  interesting  and  instructive 
additions  to  the  discussion  both  on  his  own  behalf  and  that  of  Dr.  Nicolson, 
whose  opinion  on  the  question  was  of  course  of  great  value.  He  said 
they  were  making  experiments  in  the  laboratory  at  Manchester  with 
a  loose  slide-face  and  a  plate  underneath,  and  from  these  experiments 
they  found  the  leakage  in  actual  running  was  twice  as  much  as  the 
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experimental  leakages  witli  blocked  ports.  He  knew  Dr.  Xicolson's 
skill  and  care  in  experimenting  would  not  allow  him  to  do  so,  but  it 
was  possible  one  might  not  get  a  perfectly  tight  joint  with  a  face  of 
that  sort,  and  it  was  possible  that  there  might  be  an  addition  to  the 
leakage  in  that  way.  He  could  not  believe  that  there  was  generally 
leakage  to  the  extent  suggested  in  ordinary  practice. 

Mr.  Pendred  had  remarked  that  these  experiments  had  been  made 
on  one  engine,  and  generalisations  made  from  it  for  all  engines  (page 
284).  He  did  think  that  he  really  had  jn-otected  himself  against 
criticism  of  that  sort.  He  must  repeat  again  that  he  did  not  say 
that  the  results  he  had  got  from  the  one  engine  were  universally 
applicable.  But  individual  experiments  after  all  were  of  value,  and 
if  those  individual  experiments  were  multi2)lied  on  a  number  of 
engines  then  real  progress  in  knowledge  would  be  made.  To  that 
end  he  claimed  that  this  research  was  a  real  contribution.  The 
lines  on  which  the  Committee  might  very  usefully  make  further 
investigations  would  be  j)artly  on  the  lines  which  Mr.  Maw  suggested, 
namely,  making  experiments  on  a  number  of  dijfferent  valves,  if  one 
could  get  large  engines  placed  at  one's  disposal.  Also  there  was  a 
very  large  amount  of  information  he  should  like  to  be  able  to  obtain 
on  the  increased  range  of  temperatures  due  to  running  the  engine 
condensing,  and  also  on  the  effect  of  changes  in  the  ratio  of  expansion. 
The  whole  of  the  results  were  limited  by  the  fact  that  there  was  a 
constant  ratio  of  expansion  throughout. 

Captain  Sankey's  results  (page  277)  on  the  Willans  engines  were 
extremely  important,  and  Mr.  Eoger  Smith's  contribution  on  the 
effect  of  superheating  was  also  of  great  value  and  very  instructive. 
Captain  Sankey  had  also  kindly  pointed  out  the  slip  of  the 
tongue  by  which  he  had  attributed  the  name  temperature-entropy 
to  Mr.  Macfarlane  Gray  instead  of  ^^  which  he  intended  to  say. 
He  thanked  all  who  had  spoken  for  the  kind  way  in  which  they  had 
received  his  researches,  and  he  hoped  no  one  would  consider  that 
the  results  were  final  but  only  suggestive,  and  that  they  were 
suggestive  for  good  and  not  for  evil.  He  trusted  that  the  Eeport 
would  prove  a  means  by  which  future  workers  might  find  help  in 
elucidating  the  problems  better  than  he  had  been  able  to  explain  them. 
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On  the  motion  of  the  President,  a  hearty  vote  of  thanks  was 
accorded  to  Professor  Capper. 


Communications. 

Mr.  E.  A.  Forward  wrote  that  with  regard  to  the  valve-leakage 
diagram,  Fig.  32  (page  212),  the  author  had  stated  that  the  last  point 
on  the  lowest  curve  was  too  high  owing  to  the  failure  of  the  lubrication, 
and  that  the  valve  actually  seized.  The  curves  were,  however,  plotted 
from  the  mean  of  the  figures  given  in  the  last  three  columns  of 
Table  2  (43  lbs.),  and  the  writer  would  like  to  know  whether  the 
lubricant  failed  in  all  three  experiments,  as  the  lowest  figure 
41*2  lbs.  was  also  very  much  above  the  full  line  curve.  His 
own  opinion  was  that  valve  leakage  was  by  no  means  so  serious  as 
these  experiments  appeared  to  show,  and  he  believed  that  the  method 
of  testing  with  blocked  ports  was  not  sufficiently  representative  of 
the  actual  working  conditions  of  the  engine.  It  seemed  to  him  that 
while  the  steam  was  flowing  into  one  or  other  of  the  ports  very  little 
would  leak  under  the  valve,  and  it  was  only  when  this  flow  ceased 
that  the  conditions  became  in  any  way  similar  to  the  experimental 
ones.  He  would  suggest  that  leakage  experiments  should  be  carried 
out  on  a  cylinder  provided  with  an  ordinary  three-ported  valve-face 
and  also  extra  exhaust-valves.  The  ordinary  valve  should  be 
replaced  by  a  flat  plate,  and  the  engine  worked  under  steam  as  usual. 
Something  like  the  true  leak  would  then  take  place  from  the  steam- 
chest  to  the  dummy  exhaust. 

Mr.  A.  T.  J.  Kersey  wrote  that  the  discussion  had  hitherto  been 
almost  wholly  confined  to  valve  leakage.  This  was,  of  course,  a 
most  important  question,  since  the  accuracy  of  other  conclusions 
depended  upon  the  correct  deductions  being  made  for  leakage,  but  it 
must  be  regarded  as  merely  incidental  to  the  main  object  of  the 
research,    that    is,    to    determine    how     initial    condensation    and 
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re-evaporation  were  affected  by  the  range  of  temperature  in  the 
cylinder  and  the  speed  of  the  engine.  The  deductions  made  for 
valve  leakage  appeared  to  be  sufficiently  approximate  to  enable 
conclusions  to  be  drawn  as  to  condensation  in  the  cylinder,  but 
further  extensive  experiments  appeared  to  be  necessary  in  order  to 
determine  how  much  of  the  leakage  was  due  to  condensation  and 
re-evaporation  and  how  much  to  distortion  of  the  valve  due  to  the 
high  temperature  of  the  steam. 

With  regard  to  the  effect  of  range  of  temperature  on  condensation, 
it  appeared  to  be  quite  hopeless  to  expect  to  obtain  any  simple  law 
connecting  these.  In  the  first  place,  the  temperature  of  the  steam 
diminished  continuously  from  cut-off  to  release.  There  was  then  a 
drop  of  temperature,  and  the  return  stroke  took  place  with  exhaust 
steam  of  a  constant  temperature  until  compression  took  place, 
raising  the  temperature  before  admission.  In  this  connection  it 
might  be  pointed  out  that  the  effect  of  compression  was  of  greater 
importance  in  the  A  trials  than  in  the  D  trials.  Thus  far  more 
heat  would  be  lost  by  the  clearance  spaces  during  exhaust  than 
during  expansion,  so  that,  apart  from  the  effect  of  time  on  the 
variation  of  temperature  of  the  clearance  surfaces,  it  would  be  seen 
that  the  initial  condensation  could  not  be  expressed  as  a  simple 
function  of  the  total  range  of  temperature  of  the  steam.  It  seemed 
to  him  that,  if  the  results  were  to  be  of  comparative  value  and  any 
quantitative  laws  were  to  be  deduced  from  the  research  when 
completed,  some  mathematical  theory  based  upon  the  thickness  and 
conductivity  of  the  metal  and  the  cyclical  variation  of  temperature 
expressed  as  a  Fourier  series  was  desirable  before  a  series  of 
experiments  of  this  kind  was  attempted,  in  order  that  there  should 
be  no  complication  due  to  more  than  one  variable  in  any  one  set 
of  experiments.  Such  a  theory  would  be  highly  complicated  by  the 
fact  that  all  parts  of  the  cylinder  walls  were  not  subjected  to  the 
same  range  of  temperature,  but  in  the  absence  of  a  theory  extreme 
care  was  necessary  in  settling  the  variables,  it  being  evident  that 
mere  range  of  temperature  was  not  a  simple  variable.  Now  in  this 
series  of  trials  the  range  of  temperature  was  changed  by  altering  the 
initial  pressure,  and  this  complicated  matters,  since,  as  stated  in  the 
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Eeport,  tlie  initial  condensation  was  affected  by  alteration  of  initial 
pressure,  owing  to  the  exposed  surface  per  lb.  of  steam  admitted 
being  tlius  altered  ;  and  more  satisfactory  conclusions  miglit  have 
been  drawn  if  it  had  been  possible  to  keep  the  initial  pressure 
constant  and  vary  the  back  pressure  in  order  to  vary  the  temperature 
range.  This  could  be  accomplished  by  means  of  a  loaded  valve  on 
the  exhaust,  and  he  did  not  see  any  special  difficulties  which  could 
not  be  overcome.  He  would  like  to  make  it  clear  that  these 
criticisms  were  not  offered  in  any  carping  spirit.  The  general 
conclusions  drawn  from  the  Eeport  were  most  valuable,  but  there 
was  a  difficulty  in  analysing  the  results  owing  to  the  complicatidn  of 
variables. 

Since  the  back  pressure  was  constant  in  all  the  experiments,  the 
writer  had  endeavoured  to  deduce  laws  connecting  condensation  with 
speed  and  initial  pressure.  In  the  absence  of  a  theory  such  laws 
were,  of  course,  not  necessarily  of  general  application,  and  he  had 
not  then  access  to  other  experimental  results  in  order  to  check  them. 
They  might,  however,  be  worth  a  certain  amount  of  consideration. 
The  following  was  a  summary  of  the  conclusions  arrived  at  for  the 
unjacketed  trials,  and  it  would  be  found  that  they  agreed  fairly  well 
with  the  experimental  results. 

(1)  "Wetness-fraction  at  cut-off  (deducting  leakage)  =  ~^^^  =  2/0- 

From  this  the  initial  condensation  per  stroke  might  be  deduced 
as  follows : — 

Volume  of  indicated  steam  per  stroke  =  c  -{-  x 
where  c  =  clearance  volume 

X  =  volume  traced  by  piston  at  cut-off. 
Let  IV  =  weight  of  1  cubic  foot  of  steam, 

If!    {/*    .X.     'J*^ 

Then,  total  weight  of  steam  per  stroke  =^-    -_-   , 
Therefore  weight  of  condensed  steam  per  stroke 


.«,  =  '0  (c  +  X)  [^^  -  l| 


w.  yp.  (c  +  a;) 
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Taking  the  value  of  ^^  given  in  (1),  then 

q  6'37  w(e  +  x) 

"  ~  ^Jp^-6-37 

From  data  given  c  =  0-029  cubic  feet;  x  =  0-093  cubic  feet. 
For  the  range  of  pressures  given 

ic  =  0-0022p  +  0-009. 

Therefore  ^.^^^^^^•^'^'^^ 
yp.n  -  6-37 

Owing  to  wire-di-awing,  compression,  etc.,  a  coefficient  of  0-85 
has  to  be  applied,  and  the  following  expressed  the  actual  weight  of 
condensed  steam  per  stroke 

The  ratio  of  re-evaporation  to  condensation  is  fairly  well 
expressed  by 

(3)  |  =  0-07V^ 

Therefore  net  condensation  per  stroke 

_  0-0015  (1-0-07  3^-^  ^^^  +  4) 

This  expression   was   less   complicated   than   the   probable   correct 
expression  taking  all  the  conditions  into  account. 
Other  approximate  laws  were 

(5)  Missing  steam  per  I.H.P.  hour  =  ^^ 

(6)  Indicated  steam  per  I.H.P.  hour  =  18  +     *"^,^- 

p  —  lb 

/"\   rnu       i-         Missing:  steam  528  p  —  16 

( I )   Therefore  v    ,.    7.    . =  — =-  v  ^ — — 

^   ^  Indicated  steam       jjv'"       P  +  7'3 

He  had  much  diffidence  in  presenting  these  conclusions,  but  it 
seemed  impossible  to  express  them  as  simple  functions  of  the 
temperature  range. 

It  was  a  great  pity  that  so  many  isolated  sets  of  experiments 
were  beingj  carried  out  by  other  observers,  without  any  co-ordination 
of  purpose  or  even  knowledge  of  each  other's  work.    It  would  be  of 

2  A  2 
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immense  value  if  a  series  of  tests  exactly  similar  to  these  could  be 
carried  out  simultaneously  on  say  half-a-dozen  engines  of  different 
types,  so  that  the  idiosyncrasies  of  a  particular  engine  might  be 
eliminated,  or  at  least  discovered,  from  the  general  conclusions 
drawn.*  He  was  in  thorough  agreement  with  the  remarks  of  Mr. 
Mellanby  (page  294)  as  to  the  desirability  of  furnishing  engines  in 
technical  institutions  which  provided  something  more  than  instruction 
in  ordinary  commercial  testing  routine.  He  suggested  that  a 
committee  of  the  Institution  could  do  much  in  the  way  of  advice 
and  criticism,  if  experimenters  could  be  induced  to  put  their  schemes 
before  this  committee  with  a  view  to  a  scientific  sec[uence  of 
experiments  on  determined  lines. 

Mr.  William  Mason  wrote  that  during  the  discussion  on  Messrs. 
Callendar  and  Nicolson's  Paper  on  "The  Law  of  Condensation  of 
Steam,"t  Mr,  Druitt  Halpin  mentioned  that  he  had  tested  a  slide- 
valve  of  the  balanced  type  for  warping.  The  face  of  the  valve 
when  cold  was  trued  to  a  surface  plate ;  but  there  was  serious 
warping  shown  when  the  valve  was  made  hot  in  boiling  water 
and  again  tested  on  the  surface  plate.  The  valve  of  the  experimental 
engine  when  similarly  tested  had  no  warping  which  could  be 
detected  by  ordinary  methods  of  measurement. 

It  was  interesting  to  estimate  the  mean  thickness  of  the  film  of 
water  leaking  past  the  valve.  This  film  would  vary  in  thickness  all 
round  the  valve,  and  also  as  the  valve  moved.  But  assuming,  for 
the  purpose  of  estimation,  that  it  was  uniform,  and  O-OOOl-inch 
thick  round  a  perimeter  of  22-5  inches,  the  velocity  of  the  water  (if 
■water  only  and  no  steam  transpired)  worked  out  at  from  1  to  4  feet 

*  To  take  one  instance,  let  them  consider  another  engine  with  the  same 
cylinder- volmne,  but  different  diameter  and  stroke.  For  the  same  cut-off  the 
same  weight  of  steam  would  be  admitted,  but  the  exposed  surface  -would  be 
much  different,  and  this  vrould  affect  the  initial  condensation.  For  example, 
a  cylinder  8  inches  diameter  and  12  inches  stroke  -would  have  30  per  cent,  more 
exposed  surface  per  unit  volume  than  a  cylinder  10  inches  diameter  and 
72  inches  stroke,  taking  cut-off  at  0'25  in  each. 

t  Proceedings,  The  Institution  of  Civil  Engineers,  1897-8,  vol.  cxxxi, 
page  212. 
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per  second  for  the  leakages  measured.  The  figure  0  •  0004  iucli  was 
chosen  because  this  was  the  minimum  thickness  of  oil  film  calculated 
by  Professor  Osborne  Eeynolds  for  one  of  Mr.  Beauchamp  Tower's 
experiments  on  Journal  Lubrication ;  a  value  the  order  of  which  was 
afterwards  checked  by  direct  measurement. 

Professor  Burstall  has  pointed  out  (page  286)  that  if  the  diagram, 
Fi'-'.  32  (page  212),  of  the  Report,  be  plotted  with  differences  of 
temperature  as  abscissae  instead  of  with  differences  of  pressure,  then 
the  leakage  curves  became  straight  lines.  If  this  was  done  for  the 
full-line  curve,  which  represented  the  most  reliable  aud  consistent 
series  of  the  trials,  the  straight  line  passed  almost  exactly  through 
the  origin.  The  point  was  worth  further  investigation;  for  on 
temperature  or  temperature  difference  depended  (1)  warping  of  the 
valve,  (2)  condensation  on  valve  surface,  (3)  the  viscosity  of  water. 

Professor  Capper  had  not  recorded  in  the  Eeport  what  the 
condition  of  cylinder  lubrication  was  during  the  trials.  It  was  well 
understood  that  an  abundance  of  lubricant  in  the  cylinder  diminished 
condensation  a  great  deal.  Messrs.  Callendar  aud  Nicolson 
mentioned  that  examination  of  the  cylinder  after  sundry  of  their 
trials  always  showed  very  little  trace  of  oil.  Professor  Nicolson  has 
exiH-essed  the  opinion  that  leakage  under  working  conditions  will  be 
more  than  that  measured  with  blocked-up  steam  ports.  This  was 
remarkable,  because  in  the  Paper  above  referred  to,  the  values  of  the 
condensation  calculated  by  the  method  of  "condensation  areas" 
agreed  closely  with  those  found  from  the  feed  and  indicator  diagrams, 
after  allowing  for  leakage  measured  with  blocked  ports.  The 
greatest  divergence  betn-een  the  two  sets  only  corresponded  to 
3  per  cent,  difference  in  the  measured  leakage,  so  that  this  close 
agreement  was  apparently  a  check  both  on  the  "method  of 
condensation  areas "  and  upon  the  assumption  that  the  working 
leakage  agreed  with  that  measured. 

Mr.  Edmund  L.  Morris,  referring  to  his  remarks  on  the  Paper 
by  Mr.  Barr  on  "  American  Pumping  Engines,"  *  wrote  that  some 
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further  experiments  had  been  made  on  'No.  7  Engine  at  Homsey, 
which  might  be  of  interest : — 

(1)  Without  steam  in  the  cylinder-jackets  or  reheaters. 

(2)  With  steam  in  the  cylinder-jackets,  but  not  in  the  reheaters. 

(3)  With  steam  in  the  cylinder-jackets,  and  also  in  the  reheaters. 
The  cylinder  jacketing  alone  gave  a  saving  of  4  •  2  per  cent,  over 

the  un jacketed  engine,  and  the  reheaters  in  addition  a  further  saving 
of  2  •  5  per  cent.,  making  in  this  engine  a  total  saving  of  6  •  7  per  cent, 
by  the  system  of  jacketing  adopted. 

Dr.  J.  T.  NicoLSON  wrote  that  he  thought  that  his  former 
colleague  Professor  Callendar  and  himself  had  every  reason  to  be 
gratified  with  Professor  Capper's  results,  which  might  be  said  to 
have  broadly  confirmed  the  conclusions  they  had  reached  in  1896 
with  regard  to  the  leakage  of  slide-valves.  These  conclusions  had 
been  met  mth  a  good  deal  of  scepticism,  especially  on  the  part  of 
steam-engine  makers,  who  were  usually  unwilling  to  believe  that 
their  valves  were  capable  of  any  leakage  at  all,  much  less  the  very 
considerable  quantities  which  actually  passed  them.  Only  a  few 
men  like  Colonel  Crompton  and  Captain  Sankey  had  given  the 
matter  any  attention  so  far  as  ho  (Dr.  Nicolson)  was  aware ;  and 
had  come  to  the  conclusion  that,  instead  of  aiming  at  reduction  of 
cylinder  condensation  or  reduction  of  clearance  volumes  and  small 
refinements  of  that  order,  the  thing  that  wanted  doing  was  the 
improvement  of  the  valves  as  to  their  tightness  when  in  operation ; 
either  by  better  design  or  by  heating  the  valve  faces  by  jacketing 
in  a  suitable  manner  or  by  superheating  the  steam  in  the  steam- 
chest.  Perhaps  they  would,  in  future,  as  one  consequence  of 
Professor  Capper's  Eeport,  hear  less  about  cylinder  condensation, 
Hirn's  analysis  and  sharp  points  of  cut-ofi",  and  more  about  valve 
leakage  and  the  difference  between  engine  feed  and  cylinder  feed. 

This  Eeport  was  worthy  of  a  much  more  prolonged  and  closer 
study  than  he  (the  writer)  had  as  yet  been  able  to  give  to  it ;  and 
what  he  now  wished  to  say  had  reference  only  to  one  or  two  of  the 
more  salient  features.  First  he  would  desire  to  congratulate 
Professor  Capper,  if  he  might,  on  the  admirable  way  in  which  he 
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had  presented  Lis  data.  He  tliouglit  that  in  this  respect  the  Eeport 
left  nothing  to  be  desired.  He  only  wished,  however,  that  Professor 
Capper  had  made  some  use  of  the  method  of  condensation  areas  by 
observing  the  temperature  of  at  least  his  clearance  surfaces.  He 
would  then  have  been  able  to  deduce  the  amounts  of  valve  leakage 
under  different  conditions  by  subtracting  the  estimated  condensation 
from  the  measured  engine  feed,  instead  of  relying  upon  the 
assumption  that  leakage  during  an  actual  trial  was  practically  the 
same  as  that  during  a  valve-leak  experiment.  This  was  an 
important  point,  and  one  upon  which  he  found  himself  unable  to 

Fig.  Go. — Simple  Xon-Condeming  Engine  Trials. 
McGill  College,  1894-1899. 


agree  with  Professor  Capper's  conclusions.  He  himself  had  found 
the  working  rate  of  leak  was  always  greater  and  often  very  much 
greater  than  the  experimental  rate. 

In  support  of  this  statement  he  had  prepared  a  diagram, 
Pig.  63,  giving  the  results  of  a  series  of  careful  trials  he  had 
made  during  the  years  1894-1899  at  McGill  University  with  the 
same  engine  as  used  by  Professor  Callendar  and  himself  on  their 
experiments,  to  which  Professor  Capper  had  made  reference.  The 
results  he  now  gave  were,  however,  for  double-acting  trials,  whereas 
in  their  Paper  in  the  Proceedings  of  the  Institution  of  Civil 
Engineers  the  engine  was  run  only  single-acting  for  the  reasons 
there  given.  The  engine  was  a  high-speed  simple  automatic  cut-off 
engine  of  lOi  inches  diameter  and  12  inches  stroke,  normal  speed 
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TABLE  19. 
Date,  December  1897.     100  lbs.  per  square  inch.      Uvjaclceted 


1 

M„. 

J,. 

Ko. 

Lo- 

2     Revolutions  per  minute 

60 

100 

200 

300 

3     Cut-off 

0-4 

0-4 

0-4 

0-4 

4 

Steam-pipe  press,  (abs.)    lbs.  per  sq.  in. 

llS-i 

121-5 

117-3 

111-2 

5 

Corresponding  temperature          .     F.° 

340 

342 

339 

335 

6 

Observed  steam-pipe  temperature     F.° 

336 

339 

336 

331-2 

7 

Dryness  by  throttling 

0-9S 

0-98 

0-97 

0-97 

8  1  Steam-chest  pressure  (abs.)  Ibs.persq.  in. 

110 

114-4 

108-4 

104-8 

9     Corresponding  temperature 

— 

— 

— 

— 

10 

Observed  steam-chest  temperature  F.° 

334-6 

337-5 

333-5 

331 

11 

Clear  surface  temper,  (cover  end)    F.° 

321 

320 

321-3 

322 

12 

„         „            „        (crank  end)  F.° 

309 

309 

308 

3J8 

13 

Exhaust-pipe  press,  (abs.)  lbs.  per  sq.  in. 

— 

15-5 

16-0 

— 

14 

Corresponding  temperature          .     F.° 

— 

214-7 

216-3 

— 

15 

Observed  exhaust-pipe  temperature  F.° 

— 

214-3 

215 

— 

16 

(Condenser  pressure  (abs.)  =  barometric'l 
\     pressure         .         .         .         .         ./ 

15-0 

150 

15-0 

14-7 

17 

LHP 

20-1 

34-9 

66-6 

84-6 

18 

Steam  per  I.H.P.  per  hour           .     lbs. 

55 '1 

44-9 

34-7 

33-4 

19 

Total  steam  per  hour.          .          .     lbs. 

1108 

1536 

2308 

3075 

20 

Cushion  steam  per  hour      .         .     lbs. 

— 

88 

184 

290 

21 

(Cjlinder  feed  per  hour  by  indicator  at  i 
\     cut-off Ibs.f 

— 

886 

1662 

2364 

22 

Missing  quantity  per  hour  at  cut-off  lbs. 

— 

738 

830 

1001 

23 

(Estimated   condensation    jier   hour    ati 
\     cut-off lbs./ 

— 

110 

133 

142 

24 

Estimated  valve  leakage  per  hour   lbs. 



628 

697 

859 

25 

Leakage  coefiBcient   .... 

0-28 

6-90 

9-54 

26 

Estimated  cylinder  feed  per  hour 

— 

919 

1626 

2234 

27 

„                „           ,,      „    revolution 

— 

0-153 

0-186 

0-123 

28 

(Efficiency   relative   to   Clausius    cycle i 
1     allowing  for  leak    .          .          .          ,  / 

— 

0-63 

0-69 

0-67 

29 

(Efficiency  relative  to  Clausius  supposing! 
1     no  valve  leak  .        .          .          .          .  / 

— 

0-38 

0-49 

0-525 
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275  revolutions  per  minute.  The  trials  were  made  at  I,  J,  i,  0-3 
and  0-4  cut-off,  and  at  the  three  speeds,  100,  200  and  300  revolutions 
for  each  cut-off.  Table  19  (page  332)  gave  the  results,  and  Fig.  63 
(page  331)  gave  three  sets  of  curves  representing  them.  The 
uppermost  curves  were  ordinary  Willans  lines  co-ordinating  total 
engine  feed  (line  19  of  Table)  plotted  on  a  base  of  I.H.P.  (line  17). 
The  lowest  lines  were  valve  leakages  per  hour,  and  the  middle  the 
differences. 

Curves  JKL  referred  to  0  •  4  cut-off, 

„      GHI  „  0-3      „ 

„      DEF         „  0-2      „ 

„      ABC  „  0-125,, 

and  the  3  sets  of  points  on  each  curve  were  for  100,  200  and  300 

revolutions  in  the  order  named. 

The  leakages  were  obtained  by  finding  the  cylinder  condensation 
at  cut-off,  by  observation  of  wall  temperatures,  and  the  method  of 
condensation    areas,    adding    this     to    the    indicated   weight,   and 
deducting  this  sum  (which  ought  properly  to  be  called  the  cylinder 
feed)  from  the  whole  amount  used  by  the  engine,  called  the  engine 
feed,  (allowance   being,  of  course,  made   for   cushion   steam).      It 
would  be  seen  that  the  amount  of  this  leak  varied  from  500  to  800 
lbs.  per  hour ;  the  steam  used  by  the  engine  varying  from  900  to 
3,000  lbs.  per  hour.     Upon  reference   to  the  Paper  by  Professor 
Callendar  and  himself,  it  would  be  found  that  the  measui-ed  leak  of 
the  same  valve,  when  tested  with  the  ports  plugged,  and  at  the  same 
pressure  difference  of  100   lbs.   between  steam-chest  and   exhaust 
pipe,  was  300  lbs.  per  hour,  so  that  in  that  instance,  at  all  events, 
they  had  not  found  that  the  leak  during  actual  working  was  the 
same  as  that  during  the  valve  leakage  trial.     It  was  two  or  three 
times  as  great.      Professor   Callendar  and  he  had  found  that   the 
temperature  of  the  valve  face  had  a  very  marked  effect  on  the  rate 
of  leak  ;  *  and  as,  from  actual  observation  of  the  temperature  of  the 
metal  of  the  steam-chest  face  during  both  leakage  and  load  trials, 
they  had  found  that  in  the  latter  case  this  metal  was  much  cooler, 


*  Proceedings,  The  Institution  of  Civil  Engineers,  1897-8,  vol.  cxxxi,  page  235. 
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(as  a  result,  probably,  of  the  current  of  wet  exhaust  which  flowed 
over  it)  ;  this  exjilained  why  the  leak  was  greater  during  actual 
working  than  during  a  valve  leak  test  with  the  ports  plugged. 

He  wished  Professor  Capper  had  drilled  some  holes  in  his 
steam-chest  face  and  noted  the  temperatures  duiing  leakage  trials  as 
compared  with  actual  running.  It  would  have  been  most  instructive. 
Professor  Capper's  Table  5  (page  221)  of  the  values  of  the  leakage- 
coefficient  for  his  valve  gave  f ( r  the  mean  value  the  figure  0-02. 
This  was  in  surprisingly  close  agreement  with  the  value  for  the 
two  types  of  valve  Professor  Callendar  and  he  had  tested  in 
Montreal,  namely,  0*021  for  the  balanced  valve  of  the  small  high- 
speed engine,  and  0*02  for  a  valve  with  Meyer  expansion  plates  on 
the  low-pressure  cylinder  18  inches  diameter  of  the  experimental 
engine  designed  by  Mr.  Druitt  Halpin.  Another  valve  of  that 
engine  which  had  been  tested  for  leakage  gave  the  same  figure 
0-019.  It  really  would  appear  as  if  the  leakage  of  slide-valves  of 
small  size  and  simple  design  was  subject  to  the  very  simple  law 
which  Professor  Callendar  and  ho  had  found ;  and  which  might  be 
stated  thus :  In  slide-valves  whose  average  "  overlap  "  (or  breadth 
of  face  opposing  leakage)  was  one  inch,  there  would  be  a  leak  of 
one-fiftieth  of  a  pound  of  steam  per  hour  per  pound  difference  of 
pressure  between  steam-chest  and  exhaust  pipe,  for  every  inch  of 
perimeter  round  the  exhaust  port,  or  about  ^  lb.  per  hour  for  every 
foot.  This  was  the  law  of  leakage  of  saturated  steam  across  a 
moving  valve  with  steam-ports  blocked.  In  actual  work  he  had 
produced  evidence.  Fig.  63  (page  331),  that  the  leak  would  be  twice 
as  great ;  and  that  half  a  pound  per  hour  would  leak  across  every 
foot  of  perimeter  having  an  overlap  1  inch  wide,  for  a  pressure 
difference  of  1  lb.  per  square  inch.  The  perimeter  of  the  valve  in 
question  was  6  feet,  and  its  overlap  ^  inch,  so  that  according  to 
this  simple  rule  it  ought  to  have  leaked  h  X  G  -v-^  =  ^  lbs.  per 
hour  per  pound  difference  of  pressure,  or  600  lbs.  per  hour  at  the 
pressure  at  which  these  trials  were  made. 

They  would  also  observe  from  the  diagram  that  the  leakage 
increased  considerably  with  the  power  developed,  whether  that  was 
obtained  by  diminishing  the  ratio  of  expansion  or  by  increasing  the 
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speed.  This  seemed  reasonable,  as  in  either  case  more  exhaust 
steam  would  pass  across  the  valve  face  per  unit  of  time,  producing 
a  greater  cooling  effect  at  large  than  at  small  powers.  This  result 
also  was  contrary  to  Professor  Capper's  deduction  that  leakage 
diminisJied  with  speed  (page  215).  No  doubt  speed  would  have  an 
effect  on  the  laminar  motion  of  the  leaking  water,  similar  perhaps 
to  that  of  journal  speed  on  lubrication,  where  there  was  found  to  be 
a  critical  speed  below  which  the  journal  would  not  carry  its  oil  into 
the  bearing.  But  such  a  phenomenon  would,  in  his  opinion,  be 
obliterated  by  the  much  more  powerful  contrary  effect  due  to  greater 
cooling  of  the  faces  at  higher  speed. 

Fig.  64. 
Indicator  Diagrams  affected  hy  Speed. 


He  had  also  prepared  three  superposed  indicator  cards,  Fig.  64, 
from  this  engine,  showing  the  effect  of  variation  of  speed  on 
the  shape  of  the  card  at  constant  cut-off.  The  smaller  weight  of 
cylinder  feed  taken  in  at  the  high  speeds  which  was  obvious  from 
these  diagrams  was  not  accompanied  by  a  correspondingly  rapid 
reduction  of  mean  effective  pressure  ;  so  that  notwithstanding  the 
increase  of  rate  of  valve  with  leakage  speed,  there  was  on  the  whole  a 
diminution  of  the  consumption  with  increasing  speed,  to  a  minimum 
which  for  this  engine  was  reached  at  from  250  to  300  revolutions 
with  late  and  early  cuts-off  respectively. 


Professor  Capper  wrote  in  reply  to  the  communications  as 
follows: — Mr.  Forward  (page  323)  had  very  rightly  asked  if  the 
failure  of  lubrication  occurred  in  all  these  cases  of  highest  difference 
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of  pressure,  Fig.  32  (page  212),  as  the  figure  was  plotted  from  the  mean 
of  all  these  experiments.  His  answer  was  that  the  leakage  at  the  point 
where  the  valve  seized  could  not  of  course  be  measured,  but  all  these 
experiments  were  carried  out  directly  after  each  other,  and  just  at 
the  end  the  valve  seized.  The  scoring  had  probably  been  going  on 
throughout  all  these  measurements,  and  all  these  would  therefore  be 
probably  affected  by  the  burring  up  and  raising  of  the  valve.  Ho 
could  not  say  positively  that  this  was  so,  as  it  was  only  when  the 
valve  seized  that  the  effect  was  finally  noticed,  but,  as  there  was  a 
good  deal  of  trouble  experienced  in  getting  regular  results  for 
some  time  before  the  seizure,  it  probably  was  so.  As  to  the  question 
of  blocked  ports  versus  experiments  designed  as  Mr.  Forward  and 
indeed  other  speakers  had  suggested,  he  would  not  now  fully  enter. 
But  he  was  distinctly  of  the  opinion,  after  the  careful  investigation 
and  experiments  he  had  made,  that  any  arrangement  such  as 
that  suggested  by  Mr.  Forward  would  lead  to  much  greater  errors 
in  measurement  than  would  be  found  to  exist  when  blocked  port 
experiments  were  corrected  by  the  help  of  leakage  area  diagrams, 
such  as  those  given  in  Figs.  34  and  35  (pages  218  and  219),  though 
he  admitted  that  these  diagrams  were  drawn  on  tentative  assimiptions 
only.  Yet  both  sets  were  drawn  on  the  same  hypothesis,  so  that  the 
ratio  between  them  was  probably  very  closely  correct.  He  did  not 
think  the  flow  of  steam  in  actual  working  was  likely  to  affect  the 
comparative  results  more  than  shown  on  those  diagrams.  Experiments 
to  determine  whether  this  was  so  or  not  would  be  of  great  value, 
but  were  extremely  difficult  to  carry  out  without  introducing 
disproportionate  errors. 

In  reply  to  Mr.  Mason  (page  329),  during  the  whole  series  of 
experiments  the  lubrication  in  the  cylinder  was  that  described  in  the 
leakage  tests  as  "  siphon  lubricator  flowing  freely  "  in  addition  to  the 
sight-feed  lubrication.  To  Dr.  Nicolson's  valuable  remarks  he  had 
already  alluded  in  his  verbal  reply.  He  would  only  add  that  the  trials 
were  well  under  way  when  Messrs.  Callendar  and  Nicolson's  Paper 
was  published,  and  the  whole  of  the  trials  would  have  had  to  be 
repeated  if  the  scheme  of  them  were  to  be  altered,  so  as  to  work  upon 
the  basis  of  condensation  areas.     He  quite  agreed  that  it  would  have 
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been  a  very  valuable  addition  if  be  bad  taken  temperature  at  a 
number  of  points  in  tbe  cylinder,  but  at  tbe  time  tbe  trials  were 
begun  it  was  not  found  practicable  to  do  so.  He  acknowledged  the 
omission,  but  claimed  tbat  this  would  have  so  largely  complicated 
tbe  experiments  as  to  make  their  scope  and  period  of  incubation — 
already  too  large — extend  beyond  reasonable  dimensions.  He  would 
endeavour  to  run  special  typical  trials  in  the  future  under  those 
conditions,  so  as  to  supplement  the  information  contained  in  the 
present  research. 

To  Mr.  Kersey's  very  valuable  contribution  (page  324)  he  would 
only  say  that  the  laws  he  deduced  and  the  results  obtained  by  him 
from  those  laws,  together  with  his  comparison  of  these  with  the 
actual  results  obtained,  were  instructive.  Their  value  would  be 
greatly  enhanced,  if  Mr.  Kersey  could  find  time  to  apply  them  to  other 
experiments  and  see  how  far  a  general  law  could  be  evolved  by  so 
doing.  He  cordially  agreed  with  the  suggestion  made  that 
co-ordination  of  experiments  was  what  was  needed  at  the  stage  at 
which  they  had  now  arrived. 
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An  OsDixARY  General  Meeting  was  lield  at  the  Institution 
on  Friday,  lltli  April  1905,  at  Eight  o'clock  p.m. ;  Edward  P. 
Martin,  Esq.,  President,  in  tlie  chair. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 


The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  committee  of  the  Council, 
and  that  the  following  fifty-six  candidates  were  found  to  be  duly 
elected : — 

MEMBERS. 

Beck,  Arthur  Edward,         ....  Birmingham. 

Cooper,  Egbert,  .....  Dartford. 

Hawkins,  Thomas  Whitehead,       .  .  .  Eochdale. 

Johnson,  Frederick  Dwight,  .  .  .  London. 

Leslie,  Bradford,        .....  London. 

Molesworth,  Walter  Henderson,  .  .  London. 

Niblock,  Frederick,    .....  Singapore. 

Scott,  Ernest  Kilbdrn,         ....  Sydney. 

Sharp,  Kichard,  .....  Workington. 

associate  members. 

Blake,  Andrew  Williaji,     ....  Monmouth. 

Casson,  Egbert,  .....  Manchester. 

CoxjTTS,  David  Alexander,    ....  Aberdeen. 
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Evans,  William, 

GiBB,  Maubice  Sylvester, 
GowER,  "William  Edward, 
Graham,  Thomas, 
HiRD,  EicHARD  Thomas, 
Humphries,  Albert, 
Ibbotson,  William  Frederick, 
Keevill,  Eobert  Graham, 
Knox,  Eobert,    . 
Lawson,  Francis  Malcolm, 
March,  Harry  George, 
Marr,  William  Kay,   . 
McLachlan,  James, 
O'Neil,  Kodolph  Stuart, 
Seymour,  Harold  Walteii, 
Shave,  George  James, 
Shaw,  Cyril  Morley,  . 
SiMMS,  Charles  Edward, 
Smith,  Ealph  Vernon, 
Snow,  William  Eaeburn, 
Turnbull,  Walter  Alexander, 
Turner,  Vincent, 
Westacott,  Percy, 
Williams,  Albert  Edward, 
Wilson,  Egbert  Wood, 


Belfast. 

Gateshead. 

London. 

Huddersfield. 

Euabon. 

Woolwicli. 

Sheffield. 

London. 

Colombo. 

Bristol. 

London. 

Alexandria. 

Hong  Kong. 

London. 

Eotherham. 

London. 

Worcester. 

Birmingham. 

Nottingham. 

Johannesburg. 

Bury,  Lanes. 

London. 

Plymouth. 

London. 

Paisley. 


graduates. 


Alexander,  Harold  Montague, 
Andreadis,  Angel  Isidore,  . 
Cassels,  Frank  Lionell, 
Cole,  Thomas  Stephenson,    . 
Corn  WELL,  William  Daniel, 
Frank,  Eeginald  Alexander, 
Hearn,  Ernest  William, 
Hollingsworth,  Frederick,  . 
Jackson,  George  James, 


Northfleet,  Kent. 

Glasgow. 

Buenos  Aires. 

London. 

London. 

Leeds. 

Chippenham. 

Darlington. 

Manchester. 
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Lacey,  Onwakd  BayeSj 
Mail,  John  Stanley,    . 
Manners,  Heney  Briggs, 
Megirian,  Joseph  Jacob, 
MiCHELiioRE,  Arthur  John, 
Powell,  Charles  Eussell, 
EosE,  William  Alexander, 
Skidmore,  Thomas  Emmott, 
Syjions,  Angus  Bryant, 
TiLLARD,  Thomas  Atkinson, 


Crowe. 
London. 

Nottingliam. 

London. 

London. 

London. 

Mancliester. 

Bristol. 

London. 

CambriJj^Ce. 


The  President  announced  that  the  following  two  Transferences 
Lad  been  made  by  the  Council  since  the  last  Meeting  : — 


Associate  2Ienihers  to  Members. 


FiNNiE,  William, 
Jones,  Arthur  Dansey, 


Singapore. 
Horwich. 


The  President  then  delivered  his  Inaugural  Address. 


The  Discussion  on  Professor  Capper's  First  Report  to  the  Steam- 
Engine  Eesearch  Committee  was  resumed  and  concluded. 


The    Meeting    terminated    shortly    after    Ten    o'clock.       Tht 
attendance  was  107  Members  and  44  Visitors. 
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ANNIVEESAEY  DINNER. 

The  Anniversary  Dinner  of  the  Institution  was  lield  at  the  Hotel 
Cecil,  Strand,  London,  on  Thursday  evening,  13th  April  1905.  The 
President  occupied  the  chair ;  and  the  following  were  among  the 
Guests  who  accepted  the  invitations  sent  to  them,  although  those  to 
whom  an  asterisk  *  is  prefixed  were  unavoidably  prevented  at  the 
last  from  being  present. 

*The  Eight  Hon.  Viscount  Duncannon,  C.B.,  C.V.O. ;  The 
Eight  Hon.  Lord  Stalbridge,  Chairman  of  the  London  and  North 
Western  Eailway  ;  Major-General  H.  C.  0.  Plumer,  C.B.,  Quarter- 
Master-General ;  Lieut.-Colonel  Sir  Percy  Girouard,  K.C.M.G., 
D.S.O.,  E.E. ;  Sir  Thomas  E.  Fuller,  K.C.M.G.,  Agent-General  for 
Cape  Colony ;  Sir  William  Arbuckle,  Agent-General  for  Natal ; 
Sir  Eobert  S.  Ball,  LL.D.,  F.E.S. ;  *Sir  Myles  Fenton  ;  Colonel 
C.  M.  Watson,  C.B.,  C.M.G.,  Commissioner-General,  Eoyal 
Commission  for  St.  Louis  Exposition  ;  Colonel  F.  T.  Clayton,  C.B., 
Assistant  Director  of  Transport  and  Eemounts ;  Mr.  E.  Grant  Burls, 
C.S.I.,  Director-General  of  Stores,  India  Office ;  The  Hon.  Alfred 
Dobson,  C.M.G.,  Agent-General  for  Tasmania  ;  Mr.  E.  A.  Cornwall, 
Chairman  of  the  London  County  Council ;  The  Hon.  H.  A.  Grainger, 
Agent-General  for  South  Australia ;  *The  Hon.  J.  W.  Taverner, 
Agent-General  for  Victoria;  Mr.  W.  H.  James,  K.C.,  Agent- 
General  for  Western  Australia. 

*Mr.  Walter  B.  Clode,  Master  of  the  Merchant  Taylors' 
Company  ;  Mr.  Arthur  Field,  Master  of  the  Haberdashers' 
Company  ;  *Dr.  E.  T.  Glazebrook,  F.E.S. ,  Principal  of  the  National 
Physical  Laboratory ;  *Mr.  J.  C.  Inglis,  General  Manager,  Great 
Western  Eailway  ;  *Mr.  Daniel  Irving,  President  of  the  Institution 
of  Gas  Engineers ;  Mr.  Imre  Kiralfy,  Honorary  Commissioner- 
General  for  the  Liege  Exhibition ;  Mr.  Robert  Matthews,  President 
of  the  Manchester  Association  of  Engineers ;  Mr.  Frank  E.  Priest, 
President  of  the  Liverpool  Engineering  Society ;  Mr.  A.  D. 
Southgate,  Master  of  the  Salters'  Company ;  *Mr.  Alderman  and 
Sheriff    T.    Vezey   Strong,   Master    of    the    Plumbers'    Company ; 
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Professor  W.  Cawtliorne  Unwin,  F.E.S.,  Honorary  Member  ;  Mr.  B,  H. 
Warren,  President  of  the  Allis-Clialmers  Co.,  Chicago  ;  Mr.  Xicholas 
J.  West,  President  of  the  Society  of  Engineers. 

*Professor  J.  0.  Arnold ;  Mr.  John  Barr ;  Mr.  James  S.  Beale, 
Institution  Solicitor ;  Mr.  Bennett  H.  Brough,  Secretary  of  the 
Iron  and  Steel  Institute ;  Professor  David  S.  Capper ;  Mr. 
Dugald  Clerk;  Mr.  F.  L.  Davis,  Chairman,  South  Wales 
Conciliation  Board  ;  Captain  Victor  Ferguson  ;  M.  Evence  Coppee  ; 
Mr.  F.  W.  Harbord;  Mr.  A.  T.  Keen;  Mr.  Henry  W.  Martin; 
Mr.  Robert  A.  McLean,  Institution  Auditor ;  *Dr.  J.  T.  Xicolson ; 
Captain  H.  Eiall  Sankey ;  Mr.  Alfred  Saxon ;  Mr.  A.  E.  Seaton ; 
Mr.  Weston  Stevens. 

The  President  -was  supported  by  the  following  Officers  of  the 
Institution  :— Past-Presidents :  *Sir  Edward  H.  Carbutt,  Bart.  ;  Mr. 
Samuel  W.  Johnson ;  Dr.  Ales.  B.  W.  Kennedy,  F.E.S. ;  Mr. 
William  H.  Maw;  Mr.  E.  Windsor  Eichards ;  *Mr.  Percy  G.  B. 
Westmacott ;  Sir  William  H.  White,  K.C.B.,  LL.D.,  F.E.S. ;  and 
3Ir.  J.  Hartley  Wicksteed.  Vice-Presidents:  Mr.  John  A.  F. 
Aspinall;  Mr.  Edward  B.  Ellington;  Mr.  Arthur  Keen;  *Sir 
William  T.  Lewis,  Bart.  ;  and  Mr.  A.  Tannett- Walker.  Members  of 
Council:  Sir  J.  Wolfe  Barrv.  K.C.B.,  LL.D.,  F.E.S.  ;  Mr.  George  J. 
Churchward;  Mr.  Henry  Davey ;  *Mr.  H.  Graham  Harris;  Dr. 
Edward  Hopkinson ;  Mr.  Michael  Longridge ;  Mr.  John  F. 
Eobinson ;  Mr.  Mark  Eobinson  ;  and  Mr.  John  W.  Spencer. 

After  the  Presldext  had  proposed  the  loyal  toasts,  Sir  William 
H.  White,  K.C.B.,  Past-President,  proposed  that  of  "  Our  National 
Defenders,"  which  was  acknowledged  by  Major-General  H.  C.  0. 
Plumee,  C.B.,  Quarter-Master-General,  who  said  that  mechanical 
transport  was  going  to  be  the  mainstay  of  the  transport  of  the  Army, 
It  was,  however,  as  yet  only  in  its  infancy,  and  its  development  must 
proceed  slowly.  What  progress  had  been  made  had  been  due  to  the 
great  engineering  firms. 

The  toast  of  "Our  Eailways,"  which  was  proposed  by  Mr.  J. 
Haetley  Wicksteed,  Past-President,  was  acknowledged  by  the 
Right  Hon.  Lord  Stalbridge,  Chairman  of  the  London  and  Xorth 
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Western  Eailv^'ay  Co.,  wlio  referred  to  the  fact  that  at  Euston  the 
London  and  North  Western  Eailway  had  many  interesting 
documents,  among  them  being  George  Stephenson's  original 
estimates  for  the  Liverpool  and  Manchester  Eailway,  dated 
5th  February  1825,  The  rails  were  estimated  at  35  lbs.  per  yard, 
and  for  a  double  line  of  34  miles,  at  £16  10s.  per  ton,  were  to 
cost  £61,710.  The  stone  blocks  for  sleepers,  put  at  Is.  Ad. 
each,  were  to  cost  £15,937  Gs.  Sd.,  and  the  total  estimate  was 
£400,000,  or  about  £11,765  a  mile.  Then  the  original  "  Eocket  " 
weighed  but  a  few  cwts.  compared  with  the  engines  of  the  present 
day.  A  Crewe  express  engine  of  1852,  alive  today,  though  with 
many  parts  renewed,  was  attached  to  a  coupe  in  which  he  often 
travelled  at  60  miles  an  hour,  and  weighed  2H  tons.  An  engine  of 
today  weighed  59  tons  15  cwt.  Once  engines  were  built  to  suit  the 
road,  but  the  mechanical  engineer  had  won  the  day,  and  now  the 
road  was  built  to  suit  him. 

Mr.  E.  Windsor  Eichards,  Past-President,  proposed  the  toast  of 
"  Our  Guests,"  which  was  acknowledged  by  E.  A.  Cornwall,  Esq., 
Chairman  of  the  London  County  Council. 

Sir  EoBEBT  S.  Ball,  LL.D.,  F.E.S.,  in  proposing  the  toast  of 
"  The  Institution  of  Mechanical  Engineers,"  alluded  to  the  fact  that 
the  meteorites  were  the  finest  nickel  alloy  suited  for  making  armour- 
plates,  and  remarked  that  astronomers  would  wish  Mr.  Yerkes  all 
success  in  his  terrestrial  tubes,  in  view  of  his  gift  to  science,  a 
marvel  of  mechanical  engineering,  namely,  his  celestial  tubes  at 
Chicago. 

The  Pbesident  briefly  responded  to  the  toast. 
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ADDEESS  BY  THE  PRESIDENT, 
EDWAKD  P.  IMAETIN,  Esq. 

Gentlemen, — In  the  first  place  allow  me  to  thank  you  for  the  great 
honour  you  have  done  me  in  electing  me  President  of  the  Institution  of 
Mechanical  Engineers.  It  has  become  almost  an  unwritten  law  that 
the  President  of  this  Institution  should,  on  taking  up  his  duties, 
deliver  an  Address.  It  is  only  those  who  have  occupied  this  position 
who  recognise  the  difficulty  there  is  in  choosing  a  subject  that,  treated 
generally,  may  interest  the  Members.  The  difficulty  arises  from  the 
fact  that  the  Addresses  already  delivered  have  so  ably  covered  the 
ground,  that  it  is  not  easy  to  find  new  interesting  subject-matter. 
Today  a  few  minutes  may  be  occupied  by  endeavouring  to  point  out 
some  of  the  improvements  in  mechanical  engineering  applied  to  the 
manufacture  of  iron  and  steel  in  the  particular  district,  and  generally 
during  that  period  in  which  my  experience  has  been  gained — ■ 
improvements  which  have,  by  their  use  and  appliance,  greatly 
increased  the  output,  and  reduced  the  cost  of  production,  and  have 
added  so  much  to  the  comfort  and  well-being  of  the  world.  Eeferring 
to  what  has  been  done  in  the  past  sometimes  points  out  how 
improvements  may  be  made  in  the  present,  and  in  what  direction  to 
look  for  them. 

The  district  referred  to  appeals  to  the  mechanical  engineer,  as  it 
was  there  that  Trevithick  in  1801  built  the  first  railway  locomotive, 
which  ran  on  a  tramroad  leading  from  the  principal  iron  works  in 
Merthyr  Tydfil  to  the  head  of  a  canal  at  a  place  then  called 
Navigation,  about  10  miles  away.  Dowlais  then  drew  its  supplies 
of  fuel,  ore,  and  limestone,  from  the  hillsides  adjoining.  The  iron 
ore  was  obtained  from  the  argillaceous  or  clay  band  ironstone  of  the 
lower  coal  measures,  and  frequently  from  the  same  opening  in  the 
side  of  the   hill   the  iron  ore   and  the   coal  for  smelting  it  were 
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brought  out  together.  The  same  hillside  formed  a  convenient 
platform  for  coking  the  coal,  calcining  the  ironstone,  as  well  as  for 
feeding  the  blast-furnaces  without  any  lifts.  Iron  works,  however, 
cannot  exist  for  150  years  on  the  same  site  without  more  or  less 
exhausting  the  supplies  and  advantages  which  first  caused  that  site 
to  be  chosen.  Today,  Navigation  (now  called  by  its  Welsh  name 
Abercynon)  supplies  coal  to  both  the  old  Dowlais  on  the  hills  and 
the  new  Dowlais  Works  at  Cardiff.  The  striking  contrast  that 
exists  in  the  areas  from  which  raw  materials  were  formerly  drawn 
for  iron  manufactures  compared  with  those  of  today  deserves 
attention.  The  fuel,  instead  of  being  drawn  from  the  hillside  at 
the  back  of  the  Dowlais  blast-furnaces,  is  now  brought  from  3  to  12 
miles  away,  and,  instead  of  being  practically  quarried  out  from  the 
side  of  the  hill,  is  now  being  worked  from  pits  upwards  of  750 
yards  deep  and  12  miles  away,  and  the  iron  ore  is  almost  all  brought 
from  abroad.  The  cost  of  the  assemblage  of  material  for  the 
production  of  iron  and  steel  is  of  great  importance,  as  to  produce 
a  ton  of  pig-iron  the  weight  of  materials  required  varies  according 
to  tbe  richness  of  the  ere  from  3^  to  5  tons. 

Old  works  were  nearly  always  placed  near  iron  ore,  fuel,  and 
limestone.  Today,  while  many  of  them  still  enjoy  proximity  to 
one  or  other  of  these  supplies,  several  of  the  most  modern  ironworks 
are  situated  at  very  considerable  distances  from  the  materials  they 
use ;  and  this  is  especially  the  case  with  some  of  the  newest  works 
in  America  situated  on  the  shores  of  Lakes  Michigan  and  Erie. 

The  foundation  of  our  iron  and  steel  industry  rests  upon  the  supply 
of  good  cheap  iron  ore,  and  we  cannot  lose  sight  of  the  fact  that 
we  are  becoming  more  and  more  dependent  for  those  supplies  on 
importations  from  other  countries  ;  there  are  therefore  few  matters 
connected  with  our  manufactures  that  should  cause  greater  anxiety 
for  the  future.  The  demand  for  iron  and  steel  continues  to  increase, 
and  must  increase,  at  a  greater  ratio  year  by  year,  and  if  a  Eoyal 
Commission  was  considered  necessary  for  investigating  our  supplies 
of  coal,  it  is  surely  as  necessary  to  look  into  the  probable  future 
supplies  of  our  iron  ore,  as  our  imports  are  daily  becoming  larger, 
and  the  known  reserves  of  first-class,  cheap  ores  are  diminishing,  not 
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only  in  this  country,  but  in  many  of  the  countries  from  which  we 
draw  our  supplies.  Even  Spain  is  beginning  to  show  that  her 
wealth  of  iron  ore  is  diminishing,  though  as  this  and  other  countries 
in  Europe  are  being  opened  by  railways,  far  greater  supplies  are 
forthcoming,  and,  fortunately,  the  enormous  deposits  of  Norway  and 
Stt'eden  are  being  rapidly  and  largely  developed.  Eecently,  processes 
for  concentrating  what  would  otherwise  be  inferior  ores  are  being 
made  on  an  extensive  scale,  and  will  shortly  materially  assist 
our  supplies,  and  help  to  meet  the  increasing  demand  for  first-class 
ores.  The  very  important  deposits  of  Minette  ores  in  French 
Lorraine,  Luxemburg,  and  Germany,  form  another  of  the  greatest 
reserves  of  iron  ore  that  Europe  possesses.  It  is  fortunate  for  the 
world  that  the  Thomas-Gilchrist  process  has  come  to  our  assistance, 
as  it  enables  these  large  reserves  of  second-class  and  other  inferior 
ores  to  be  utilized  for  the  production  of  steel.  This  process  already 
provides  a  very  large  proportion  of  the  world's  requirements,  and  will 
continue  to  increase  in  the  future  at  even  a  greater  rate  than  it  has 
done  in  the  past. 

This  question  of  the  rate  of  increase  is  one  that  is  generally  not 
fully  appreciated :  my  late  friend,  Abraham  S.  Hewitt,  proj)hesied 
as  far  back  as  1872  that  in  1890  the  world's  production  of  pig-iron 
would  reach  28  million  tons ;  the  quantity  produced  in  that  year 
was  27,630,000  tons.  He  also  said  that  at  the  beginning  of  the 
20th  century  the  world's  production  of  pig-iron  would  be  more  than 
40  million  tons  ;  it  was  40^  million  tons.  If  the  world's  requirements 
continue  to  increase  at  this  rate,  we  may  expect  that  the  world's 
production  of  pig-iron  17  years  hence  will  reach  about  80  million 
tons.  This  means  roughly  that  160  million  tons  of  iron  ore  per 
annum  would  be  necessary  to  meet  the  requirements  of  the  world. 
These  figures  are  difiicult  to  grasp,  and  perhaps  an  illustration  would 
bring  home  to  us  better  what  that  quantity  really  means.  The 
Bilbao  district  began  exporting  iron  ore  aboitt  27  years  ago ;  its 
total  output  from  that  time  amounts  to  about  110  million  tons,  and 
the  world  would  therefore  require,  always  supposing  the  present  rate 
of  increase  continues,  aboiit  a  Bilbao  and  a  half  per  annum  to  provide 
its  make  of  pig-iron.     Where  is  this  to  come  from '?     Fortunately, 
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our  cheap  steel  enables  us  to  build  cheap  vessels,  and  so  obtain 
cheap  freights,  and  with  cheap  freights  there  is  no  doubt  that  all 
our  requirements  will  be  amj)]y  met,  as  we  have  the  whole  world 
from  which  to  draw  our  supplies ;  even  now  part  of  those  supplies 
are  being  drawn  from  as  far  as  Cuba.  For  special  manganiferous 
and  other  ores,  India  on  the  east,  South  America  on  the  west,  and 
New  Caledonia  in  the  Antipodes  help  to  furnish  our  wants. 

It  has  been  pointed  out  how  very  important  a  cheap  supply  of  iron 
ore  is,  as  without  it  the  cost  of  our  ordinary  everyday  wants  must  be 
increased,  much  to  the  detriment  of  our  general  welfare  and  progress. 
One  of  the  most  important  factors  in  obtaining  both  large  supplies 
of,  as  well  as  cheap,  ores,  is,  as  has  been  said,  cheap  transport.  Our 
recent  visit  to  the  States  will  have  shown  us  the  important  advances 
being  made  there  in  dealing  with  the  handling  and  transport  of  iron 
ores,  especially  on  the  Great  Lakes.  Although  most  of  the  iron- 
making  districts  in  Europe  have  for  a  long  time  past  been  dependent, 
for  good  hematite  ores,  on  distant  countries  and  on  low  freights,  up 
to  the  present  few  or  no  vessels  have  been  built  for  the  special 
jiurpcse  of  carrying  iron  ore,  such  as  have  been,  and  are  being,  built 
in  America.  There,  vessels  of  the  largest  size,  carrying  upwards  of 
10,000  tons  of  ore,  560  feet  long,  55  feet  wide,  and  32  feet  deep, 
have  been  constructed  without  bulk-heads  or  divisions,  and  with 
holds  in  the  form  of  a  hopper  measuring  409  feet  long,  43  feet  wide 
at  the  top,  and  25  feet  wide  at  the  bottom.  This  system  of  building 
leaves  the  whole  cargo  exposed,  so  that  the  ore  can  be  easily  and 
rapidly  unloaded  by  the  Hewlitt  and  Brown  machines  or  shovels. 
By  the  aid  of  depots  or  bins  these  vessels  are  loaded  in  an  almost 
incredibly  short  space  of  time.  In  August  last  the  "Augustus 
B.  AYolvin  "  was  loaded  with  10,345  tons  of  iron  ore  in  1  hour  and 
29  minutes ;  but  what  is  still  more  remarkable  is,  that  a  cargo  of 
9,945  tons  of  iron  ore  was  unloaded  out  of  this  same  vessel  in  July 
last  in  4  hours  and  6  minutes.  This  was  done  practically  without 
manual  labour,  as,  although  there  were  50  men  in  the  hold  to  work 
away  the  ore  from  the  sides  of  the  vessel,  their  work  was  confined  to 
the  last  hour,  when  the  ore  at  the  sides  was  brought  nearer  the 
hatches,  so  as  to  facilitate  the  unloading.     No  doubt  the  condition  of 
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tlie  ore,  wbich.  is  fine,  lends  itself  considerably  to  this  rapid  rate  of 
working.  It  is  by  such  work  as  this  that  the  cost  of  freight  can  be 
greatly  reduced,  as  the  capital  locked  up  in  the  vessel  is  continually 
on  the  move  earning  a  return,  the  vessel  being  almost  altogether 
occupied  either  in  bringing  ore  in  or  returning  back  for  another 
cargo.  Figures  such  as  these  are  not  approached  on  this  side,  and 
perhaps  the  best  example  we  can  show  is  that  of  loading  coal  at 
some  of  our  Bristol  Channel  ports.  At  the  Eoath  Dock,  Cardiff, 
6,700  tons  of  large  coal  have  been  put  on  board  a  vessel  in  11  hours. 
In  another  case  11,670  tons  of  coal  were  put  on  board  in  3  hours 
and  45  minutes.  This  coal,  however,  had  all  to  be  unloaded  from 
wagons,  and  was  not  run  out  from  bunkers,  placed  at  a  higher  level. 

Our  American  friends,  when  called  upon  to  deal  with  special 
problems,  recognized  the  advantages  which  can  be  obtained  by  using 
specially  designed  machinery.  They  deal  with  the  problem  without 
preconceived  notions,  and  are  perhaps  less  bound  by  old  ideas  than 
we  are  on  this  side.  As  an  instance,  the  Mesabi  ore  is  almost 
entirely  raised  and  filled  at  the  mines  by  Goliath  navvies  into  wagons 
brought  to  the  face  of  the  workings.  These  wagons  are  run  from  the 
mines  to  the  bins  at  the  loading  port ;  from  the  bins  the  ere  is  run  out 
into  specially  built  vessels,  and  on  their  arrival  at  the  other  side  it  is 
unloaded  by  special  machinery,  and  carried  to  the  works  in  Pittsburg 
in  special^railway  trucks  carrying  50  tons  each,  from  which  the  ore 
is  again  dropped  into  depots  at  the  blast  furnaces,  filled  into  skijjs, 
and  charged  into  the  blast  furnace,  thus  producing  pig-iron  with  a 
minimum  of  manual  labour,  and  practically  without  a  shovel  being 
used. 

Co4e.— Abraham  Derby  first  used  coke  in  a  blast-furnace  about 
1735,  and  the  improvements  in  coke-making  were  few  and  slow  from 
that  time  until  about  a  century  later,  when  various  kilns  and  ovens 
of  different  descriptions  were  brought  into  use.  A  little  later, 
heating-flues  were  introduced  in  the  bottom  of  some  of  these  ovens, 
and  about  1860  the  waste  heat  from  coke  ovens  was  being  extensively 
used  for  the  purpose  of  raising  steam.  To  the  brothers  Appolt  is 
due  the  system  of  coking  coal  in  a  closed  retort  oven,  which  was 
first  used  about  that  time.      This  system  has  been  improved  upon  by 
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Coppee,  Simon  Carves,  Otto  Hilgenstock,  Kopper  and  others,  all  of 
whom  have  recently  contributed  to  perhaps  the  greatest  improvement 
that  has  taken  place  in"  coking,  viz.,  the  utilization  of  by-products 
formed  in  the  manufacture  of  coke,  by  which  its  cost  has  been 
considerably  reduced. 

Blast-Funiaces. — At  about  the  period  referred  to,  Neilson's  great 
invention  of  hot  blast  was  used  on  all  blast-furnaces,  except  where 
cold-blast  iron  was  specially  made.  Blast-furnace  gas  for  heating 
purposes  had  been  drawn  off  by  Palmer  Budd,  at  Ystalyfera,  as  early 
as  1836,  but  it  was  not  until  some  time  after,  1850,  when  Parry,  of 
Ebbw  Yale,  had  introduced  his  plan  of  the  cup  and  cone,  that  blast- 
furnaces in  this  district  were  generally  worked  with  closed  tops. 
The  outputs  were  small  even  as  late  as  1853,  when  seventeen  blast- 
furnaces at  Dowlais  working  on  raw  coal  only  produced  1,751  tons  of 
pig-iron  per  week. 

Improvements  made  about  this  time  were  gradual,  and  principally 
consisted  of  increasing  the  power  of  the  blowing-engines,  the  pressure 
and  heat  of  the  blast,  and  the  size  of  the  blast-furnaces.  But,  after 
the  introduction  of  the  Cowper  and  Whitwell  regenerative  hot-blast 
stoves,  by  which  the  heat  of  the  blast  was  greatly  increased,  an 
impulse  was  given  in  the  economy  of  fuel  and  also  in  outputs. 
About  1880  our  American  friends,  among  whom  were  Jones, 
Gayley,  Kennedy  and  others,  did  much  towards  further  increasing 
the  makes  of  blast-furnaces.  Eight  years  later,  or  about  15  years 
ago,  the  new  Dowlais-Cardiff  blast-furnaces  were  designed,  and, 
while  with  the  old  plant  at  Dowlais  a  maximum  of  1,000  tons  had 
been  made  in  one  furnace  in  one  week,  at  the  Dowlais-Cardiff 
furnaces  an  output  of  over  2,300  tons  has  been  produced  in  the  same 
period.  This  was  a  great  increase  on  the  make  of  the  seventeen  old 
Dowlais  blast-furnaces,  but  this  increase  is  small  compared  with 
the  make  of  some  of  the  furnaces  we  have  recently  visited  in 
America.  At  the  Duquesne  furnaces  793  tons  of  pig-iron  have 
been  obtained  from  one  blast-furnace  in  one  day,  a  weekly  output  of 
over  5,000  tons,  and  a  monthly  output  of  26,659  tons  !  These  huge 
makes  have  been  obtained  with  a  saving  in  fuel  and  reduced  labour 
and   cost,  and   such   economies  are   largely   due   to   the   improved 
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mechanical  appliances  used,  viz.,  the  introduction  of  larger  and  more 
powerful  blast-engines,  greatly  increased  pressure  and  heat  of  blast, 
the  use  of  self-loading  skips  operated  below  bunkers  by  electricity, 
appliances  for  regulating  the  distribution  of  the  charges  at  the  top  of 
the  furnace,  cooling  arrangements  for  preventing  the  wear  and  tear 
of  the  linings,  and  appliances  for  disposing  of  both  the  iron  and  slag 
produced.  Any  iron  not  taken  away  in  a  molten  state  for  use  in  the 
steel  works  is  either  cast  upon  machines  or  on  sand-beds  in  the 
usual  way,  thence  handled  and  stocked  by  cranes,  and  broken  up 
by  mechanical  breakers  as  requii-ed.  The  slag  is  usually  either 
taken  away  molten  in  ladles,  or  by  disintegration  in  water  reduced 
to  a  condition  that  permits  of  its  being  handled  easily.  These  and 
other  improvements  have  assisted  in  increasing  the  regularity  of  the 
product,  diminishing  its  costs,  and  reducing  the  employment  of 
manual  labour. 

A  new  process  which  seems  to  promise  remarkable  results  is 
Gayley's  application  of  dry-air  blast  to  the  manufacture  of  iron. 
Those  who  have  had  an  opportunity  of  seeing  this  process  at  work 
expect  further  reductions  in  the  amount  of  fuel  required  to  make  a 
ton  of  pig-iron.  It  is  not  a  little  remarkable  that  as  early  as  1825 
the  question  of  the  effect  of  moisture  in  blast  was,  with  other  matters, 
the  subject  of  a  Paper  read  by  Xeilson  and  discussed  by  the 
Philosophical  Society  at  Glasgow. 

Still  further  economies  may  be  expected  by  the  use  of  steam- 
turbines  for  blast-engines,  but  above  all  by  the  introduction  and 
utilization  of  blast-furnace  gas,  and  gas  from'  the  manufacture  of 
coke,  for  the  purpose  of  raising  power  for  driving  blast  and  other 
engines ;  this  is  now  being  followed  with  the  greatest  possible 
interest.  The  difficulty  of  cleansing  the  gas  from  blast-furnaces  has 
now  been  overcome,  greatly  reducing  the  wear  and  tear  of  the 
engines ;  and  blast  engines,  worked  by  blast-furnace  gas,  may  now  be 
said  to  be  beyond  the  experimental  stage.  Many  plants,  especially 
on  the  Continent,  are  being  entirely  driven  by  engines  worked  with 
blast-furnace  gas,  and  it  is  to  these  and  other  improvements  that  we 
look  to  reduce  still  further  the  cost  of  making  pig-iron.  It  is  a 
question  whether  the  manufacture  of  pig-iron  may  not  some  day  be 
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reduced  to  a  by-product  in  tlie  making  of  gas  for  producing  power 
in  electrical  and  other  central  stations. 

The  importance  of  central  electrical  stations  for  power  and  light, 
from  which  they  can  both  be  supplied  as  rapidly  and  as  easily  to 
the  community  as  gas  now  is,  is  only  beginning  to  be  appreciated, 
and  the  time  may  come  when  we  may  be  able  to  transmit  the 
power  thus  developed  to  distant  consumers  without  conductors,  as 
Marconi  does  his  messages !  The  enormous  stride  from  the  telegraph 
to  the  telephone  is  not  much  more  surprising  than  this  would  be. 

An  important  invention  of  great  utility,  not  usually  given  the 
attention  it  deserves,  is  that  of  Caj^tain  Jones  for  mixing  and  de- 
sulphurizing molten  pig-iron  for  the  production  of  steel.  The 
bringing  together,  and  mixing  in  a  large  receiver  containing  several 
hundred  tons  of  molten  metal  from  the  different  blast-furnaces,  often 
producing  different  grades  and  qualities,  has  contributed  greatly 
to  the  ease  and  regularity  with  which  the  Bessemer  process  can  be 
worked. 

PudcUing. — Before  puddling  was  introduced,  malleable  iron  in 
the  South  Wales  districts  was  produced  by  what  was  called  the 
Welsh  or  Lancashire  process,  which  consisted  of  working  molten 
pig-iron  on  a  charcoal  hearth  with  blast ;  this  process  continued 
in  use  in  that  district  for  the  production  of  bars,  for  making  best 
charcoal  tin  plates,  up  to  a  short  time  ago,  when  it  was  practically 
ousted  by  the  manufacture  of  Bessemer  and  Siemens  steel  bars. 
The  world  owes  a  debt  to  Henry  Cort  for  his  invention  of  puddling 
and  of  rolling  in  grooved  rolls,  and  it  is  only  within  the  last  month 
that  an  American  ironmaster  has  erected  to  Cort's  memory  in 
Hampstead  Parish  Church,  where  he  was  buried  in  1800,  a 
monument  at  the  unveiling  of  which  the  Institution  was  officially 
represented. 

In  former  years,  as  I  have  stated,  improvements  in  the 
manufacture  of  iron  grew  slowly,  and  generally  an  iron  works  with 
blast-furnaces,  puddling  forges,  and  mills,  put  down  by  a  man's 
grandfather,  did  not  require  serious  alteration  even  by  the  grandson, 
until  after  the  arrival  of  the  age  of  steel.  The  puddler  at  that  time 
practically  regulated  the   output   of  the   various   iron  works,  and 
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puddling  remained  mucla  in  tlie  same  condition  as  when  invented 
by  Cort,  except  that  Eogers  had  introduced  the  cast-iron  bottom  for 
puddling  on,  and  boiling  pig-iron  was  practised  instead  of  working 
refined  metal.  Many  serious  attemjDts  were  made  to  lighten  the  very 
heavy  labour  of  the  puddler,  and  to  increase  the  output.  Tooth, 
Menelaus,  and  Danks  were  almost  successful ;  but  today,  though 
there  is  still  a  large  amount  of  puddling  done,  little  has  been 
effected  towards  assisting  the  heavy  work  of  the  puddler. 

"With  the  introduction  of  steel,  general  improvements  have  been 
numerous  and  continuous,  and  perhaps  one  of  the  greatest  taxes  on 
the  iron  and  steel  maker  of  today  is  the  frequent  sacrifices  he  has  to 
make  of  what  is  termed  old  plant  to  make  room  at  great  expense  for 
machinery  that  is  newer  and  up  to  date.  Most  of  these  changes 
have  taken  place  since  about  1860,  but  when  discussing  the 
inventions  made  in  this  and  other  countries,  it  should  not  be 
forgotten  that  most  of  them  originated  here,  though  it  would  not 
be  easy  to  apportion  the  credit  due  to  the  several  men  connected 
with  the  progress  made  in  the  various  mechanical  appliances  used  in 
the  production  of  iron  and  steel. 

It  is  difficult  to  appreciate  what  the  world  would  be  today  but 
for  the  inventions  of  Bessemer  and  Siemens.  Without  them,  it  is  a 
question  whether  all  our  present  railways  would  have  been  built, 
as  the  difficulty  of  supplying  iron  rails  would  probably  have  taxed 
the  trade  of  this  and  other  countries  beyond  their  powers.  In  any 
case  railways  would  not  have  been  able  to  carry,  with  the  safety, 
ease,  and  at  the  great  speeds  they  do,  the  enormous  traffic  they  now 
have  to  deal  with.  The  work  of  keeping  the  switches  and  crossings 
of  our  large  terminal  stations  in  repair  would  not  be  easy 
without  these  rails.  The  durability  of  steel  rails  is  such  that, 
notwithstanding  the  enormous  increase  of  railways,  rail  makers  have 
frequently  to  find  other  uses  to  keep  their  men  and  mills  fully 
employed.  It  is  the  introduction  of  the  Bessemer  process,  followed 
later  on  by  the  Siemens  process,  which  has  caused  the  great  changes 
and  improvements  that  have  been  made  in  the  manufacture  of  steel. 
Bessemer  gave  his  process  to  the  world  at  the  British  Association 
meeting   at   Cheltenham   in  1856,  and  within   a   few   davs   of  his 
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reading  that  Paper,  experiments  were  made  at  Dowlais  by  Menelaus, 
Williams  and  Riley,  which  were  so  encouraging  that  Bessemer  was 
invited  to  Dowlais  to  carry  out  his  process.  At  that  time  Bessemer 
was  under  the  impression  that  his  process  could  treat  any  class  of 
pig-iron  with  success,  and  he  was  not  aware  that  pig-iron  containing 
any  large  amount  of  sulphur  and  phosphorus  could  not  make  good 
steel.  Bessemer  has  admitted  this  in  writing  to  myself  and  others. 
Unfortunately,  when  he  made  his  first  experiment  at  Dowlais,  a 
convenient  refinery  was  placed  at  his  disposal  which  happened  to  be 
fed  from  a  blast-furnace  making  cinder  pig-iron.  The  result  of  the 
experiment  was  most  discouraging ;  the  ingots  could  scarcely  stand 
the  heating  in  the  furnace,  and  fell  to  pieces  in  the  rolls.  An 
analysis  of  one  of  the  ingots  now  at  Dowlais  is  as  follows : — 


Carbon         ..... 

.     0-OG 

Manganese  ..... 

nil 

Silicon          ..... 

.     0-01 

Sulphur       .         .                   .         . 

.     0-27G 

Phosphorus  ..... 

.     1-930 

Arsenic        ..... 

.     0-010 

Iron  (by  dilTereucL,) 

.  97-714 

After  Bessemer  had  discovered  that  it  was  necessary  to  work 
with  pig-iron  as  free  from  phosphorus  and  sulphur  as  possible,  he 
followed  up  his  invention  by  introducing  special  mechanical  devices 
for  dealing  with  his  process,  and  few  inventions  have  been  presented 
to  the  manufacturer  so  fully  equipped  as  was  Bessemer's.  His 
arrangements  for  working  his  plant  by  hydraulic  power  practically 
remain  the  same  as  when  he  started  them.  His  converters,  his  blast 
arrangements,  his  casting  ladle,  together  with  the  cranes,  although 
in  some  degree  improved  upon,  remain  much  the  same  as  they  were 
when  he  first  brought  them  out.  Indeed,  but  for  his  great  invention 
of  steel-making,  Bessemer  would  have  shone  as  a  first-class 
mechanical  engineer.  The  converters  used  in  his  process  today 
have  been  largely  increased  in  size,  as  it  has  been  found  that  steel 
ingots  of  large  size  can  be  dealt  with,  by  the  aid  of  mechanical 
appliances,  with  much  greater  ease,  less  manual  labour,  and  less  cost 
than  was  the  case  in  rolling  iron  rails  of  a  few  cwts.  weight  in 
former  years. 
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The  adoption  of  driven  feed-rollers  at  the  rolls,  improvements  in 
shears  for  cutting  ingots,  the  enormously  increased  power  and  speed 
of  the  engines,  the  heating  of  the  ingots  in  vertical  furnaces, 
the  convenient  placing  of  the  cogging,  roughing,  and  finishing  rolls, 
have  all  tended  to  increase  the  output  of  the  mills,  so  much  so,  that 
a  month's  make  of  the  old  iron  rail  mills  is  now  surpassed  by  the 
make  of  one  of  the  modern  steel  rail  mills  in  a  turn  of  twelve 
hours. 

Cort's  invention  of  rolling  bars  is  only  120  years  old, 
and  about  that  time  the  engine  invented  by  James  Watt  was 
rapidly  coming  into  use.  Up  to  that  time,  bars  were  drawn  out 
under  tilt  hammers — a  costly  and  laborious  process.  The  first 
wrought-ircn  rails  are  said  to  have  been  rolled  at  Pen-y-darran 
Iron  Works,  IMerthyr  Tydfil,  and  as  an  instance  of  how  conservative 
engineers  were  in  those  days,  although  it  would  have  been  far 
easier  and  simpler  to  have  rolled  the  rails  as  straight  bars,  they  were 
rolled  fish-bellied  every  three  feet,  in  imitation  of  the  old  cast-iron 
fish-bellied  single-headed  tram  plates.  The  men  named  them 
"jumpers,"  as  they  came  out  of  the  rolls  in  a  very  erratic  manner. 
The  rolling  of  iron  rails  brought  in  the  use  of  what  was  then 
considered  steam-engines  of  the  heaviest  description.  A  fair 
example  is  one  erected  at  Dowlais,  called  the  Big  Mill,  built  more 
than  75  years  ago,  and  is  still  working.  It  is  a  beam  engine  with  a 
cylinder  40  inches  in  diameter  and  8  feet  stroke,  geared  and 
driving  the  rolls  about  60  revolutions  per  minute.  It  may  interest 
you  to  be  told  that  it  was  in  this  rolling  mill  that  the  first  Bessemer 
steel  rail  was  rolled  from  a  steel  ingot  10  inches  square,  which  had 
been  made  at  Baxter  House,  London,  by  Bessemer,  from  Blaenavon 
eold-blast  pig-iron.  The  following  is  an  analysis  of  a  piece  of  the 
rail  in  the  author's  possession  : — 


i_tiruuu           .... 

Manganese 

u   yjou 

trace 

SLlica            .... 

„ 

Sulphur        .... 

.     0-162 

Phosphorus 

.     0-428 

Arsenic         .... 

trace 

Iron     ..... 

.     99-330 
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It  is  of  great  interest  to  note  that  this  rail  was  made  without  the 
addition  of  any  manganese. 

The  Big  Mill  engine  -was  followed  by  the  erection  of  some  very 
large  coupled  beam  engines,  having  cylinders  45  inches  in  diameter 
and  10  feet  stroke ;  the  driving  wheel  was  25  feet  in  diameter,  the 
teeth  8  inches  pitch  and  2  feet  wide  on  the  face,  and  worked  with  a 
boiler  pressure  of  50  lbs.  to  the  inch.  This  engine  was  built  with 
the  intention  of  driving  two  mills,  one  an  ordinary  rail  mill,  and  the 
other  a  mill  for  rolling  girders,  in  which  four  rolls  were  set  in  one 
housing,  the  two  middle  rolls  being  on  the  same  level,  and  the  bar 
being  passed  to  and  fro  without  the  engines  being  reversed.  The 
erection  of  this  mill  practically  marked  the  end  of  large  engines  for 
the  purpose  of  rolling  iron  rails.  When  the  Bessemer  process 
began  to  be  worked  in  1865  at  Dowlais  on  a  large  scale,  these 
engines  were  used  to  cog  the  ingots  and  then  roll  them  into  rails. 
Cogging  or  rolling  steel  ingots  was  first  introduced  at  Dowlais 
about  1866,  and  in  1879  these  engines  were  replaced  for  the  purpose 
of  cogging  by  more  modem  coupled  horizontal  reversing  engines — 
an  invention  of  one  of  your  previous  Presidents,  John  Eamsbottom, 
and  further  improved  by  another  President,  "Windsor  Eichards. 
Soon  after  that  time  hammering  ingots  for  making  steel  rails 
practically  ceased,  although  this  was  hardly  ever  done  in  America 
owing  to  the  early  inventions  of  Fritz. 

What  Bessemer  did  for  the  rail  maker  Siemens  a  few  years  later 
did  for  the  plate  and  structural  steel  maker.  When  making  steel 
by  the  Siemens  process  first  began,  furnaces  of  4  or  5  tons  were 
usually  used  ;  today,  furnaces  of  40  to  50  tons  are  not  uncommon, 
while  there  are  many  very  much  larger.  The  production  of  Siemens 
steel  in  this  country  has  rapidly  increased,  so  much  so  that  open- 
hearth  steel  has,  during  the  past  year,  almost  doubled  that  of 
Bessemer.  The  Thomas  and  Gilchrist  invention  of  basic  steel  has 
increased  the  make  of  Siemens  basic  steel  to  a  much  greater  extent 
than  Bessemer  basic  steel,  notwithstanding  the  large  use  of  the 
Bessemer  process  for  making  steel  on  the  Continent.  Next  to  the 
invention  of  Bessemer  and  Siemens,  the  invention  of  the  Thomas 
and    Gilchrist    basis    process    is    probably    one    of    the    greatest 
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improvements  that  has  been  made.  Tlie  world's  production  of  steel 
ingots  in  1902  was  about  33,350,000  tons,  of  which  no  less  than 
14,290,000  tons  were  of  basic  steel,  and  the  whole  of  this  has  been 
made  from  a  quality  of  pig-iron  that  could  not  have  been  profitably 
used  by  the  original  Bessemer  or  Siemens  process. 

Another  invention  from  which  much  may  be  expected  is  the 
Talbot  continuous  steel  process,  which  enables  large  outputs  to  be 
produced,  and  from  a  quality  of  pig-iron  not  sufficiently  good  for 
making  Bessemer  and  Siemens  steel.  Furnaces  of  enormous  size 
have  been  erected  for  this  process,  some  containing  as  much  as 
200  tons  of  molten  metal,  and  turning  out  an  average  of  over 
1,200  tons  per  week.  The  value  of  this  system  is  that  it  enables 
pig-iron  of  various  qualities  to  be  used  to  advantage,  and  at  the 
same  time  to  produce  a  high-class  quality  of  steel.  It  will  not 
surprise  those  who  have  had  an  opportunity  of  watching  this  process, 
that  it  and  similar  methods  may  affect  the  manufacture  of  steel  in  as 
great  a  measure  as  the  adoption  of  the  Siemens  furnace  has  affected 
the  output  of  the  Bessemer. 

The  improvement  in  mills  rolling  steel  today,  compared  with  the 
mills  rolling  iron  rails  in  the  sixties,  is  very  striking.  The  makes 
of  iron  rails  of  about  600  tons  per  week  has  now  been  raised  to  over 
10  times  the  amount  of  this  rate.  Instead  of  the  old  iron  rails 
weighing  about  4  cwt.  and  being  rolled  in  lengths  of  24  feet,  ingots 
are  now  cast  weighing  upwards  of  2^  tons;  they  are  rolled  into 
lengths  of  more  than  200  feet,  and  are  cut  to  any  required  length 
from  20  to  60  feet.  No  doubt  the  principal  cause  of  the  increased 
output  is  due,  among  other  things,  to  the  larger  number  of  rolling- 
mill  engines  employed,  as,  in  the  old  iron  mills  they  never  exceeded 
two,  viz.,  an  engine  for  the  blooming  and  an  engine  for  the  finishing 
mill,  whereas  in  modern  steel-rail  mills  it  is  usual  to  have  at  least 
three  engines,  one  for  the  cogging,  another  for  the  roughing,  and 
another  for  the  finishing  rolls.  In  some  cases  this  work  has  been 
divided  among  four  or  even  five  engines.  The  mill  at  Dowlais  is  laid 
out  with  three  engines,  and  is  capable  of  turning  out,  if  supplied 
with  steel,  about  5,000  tons  of  finished  rails  per  week ;  but  what  is 
peculiar  is,  that  this  quantity  of  steel  can  be  turned  out  at  this  mill 
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with  fewer  men  than  vrould  have  been  necessary  for  the  making  of 
600  tons  per  week  of  iron  rails  in  the  mill  that  occupied  practically 
the  same  ground  and  was  under  the  same  roof.  At  the  cogging  rolls 
a  bloomer  and  two  boys  working  the  live  rollers  and  manipulators, 
deal  with  the  whole  weight  of  the  material  to  be  rolled.  The  bloom 
is  then  transferred  to  the  roughing  train,  where  no  hand-labour 
whatever  is  used  in  turning  the  bar  or  moving  it  from  one  groove  to 
another,  this  work  being  done  by  the  live  rollers  on  each  side  of  the 
rolls,  assisted  by  an  Evans  and  Lewis  manipulator,  the  whole  of 
which  arrangement  is  worked  by  two  boys.  The  bloom,  after  being 
roughed  out,  is  transferred  to  the  finishing  train,  where  two  other 
boys  working  the  live  rollers,  and  with  an  Evans  manipulator, 
finish  the  rail.  Two  men  look  after  the  roughing  and  finishing 
trains,  watch  the  section,  attend  to  the  adjustment  of  the  rolls  and 
have  little  or  nothing  else  to  do.  At  an  iron  mill  there  were 
at  least  twelve  or  thirteen  men  employed  for  one-eighth  of  the 
output. 

In  addition  to  the  engines  being  made  much  more  powerful  than 
formerly,  running  faster,  using  higher  pressures  of  steam,  assisted  by 
driven  rollers  and  manipulators,  improved  shears  for  cutting  ingots, 
quick  saws  for  cutting  rails  to  lengths,  skids  for  handling  the  hot 
rails  on  the  cooling  beds,  straightening  presses,  drills,  grinds,  and 
other  touls  for  finishing  the  rails,  these  with  other  mechanical 
appliances  have  made  it  easier  to  roll  5,000  or  6,000  tons  of  steel 
rails  per  week  than  it  was  formerly  to  make  500  or  600  tons  of  iron 
rails  |>er  week. 

Eeference  has  already  been  made  to  the  probable  improvements  to 
be  effected  by  the  use  of  blast  furnace  gas  in  gas-engines,  but  one  of 
the  latest  ideas,  which  is  about  to  be  carried  out  on  a  very  large  scale 
with  regard  to  rail  mills,  is,  that  tbe  roll  shall  be  driven  by  motors, 
whose  power  will  be  developed  by  gas-engines  driven  by  the  gas  from 
the  blast-furnaces.  The  power  thus  obtained  will  be  delivered  as 
current  to  motors  at  the  rolls,  to  which  they  will  bo  connected  by 
gear,  and  will  supplant  the  present  enormous  steam-engines  now  in 
use  for  driving  these  rail  mills. 
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The  improvement  in  plate  mills  for  rolling  steel  plates  is 
as  great  as  that  which  has  taken  place  in  the  steel-rail  mill. 
Five  and  tbirty  years  ago  a  plate  mill  in  this  district  making 
100  tons  of  plates  per  week  was  considered  to  be  doing  fair 
work.  Today,  a  mill  making  a  similar  class  of  steel  plates  but 
of  much  larger  area  is  turning  out  easily  about  eighteen  times  that 
quantity,  and  in  America  the  enormous  make  of  450  tons  has 
been  rolled  in  12  hours.  These  large  quantities  are  again  due 
to  improvements  brought  about  by  mechanical  appliances,  for 
handling  large  ingots  or  blooms  weighing  as  many  tons  with  greater 
ease  than  was  formerly  the  case  when  the  weight  of  the  ingots  was 
only  cuts,  handled  by  manual  labour.  Eeference  has  not  been 
made  here  to  the  large  masses  used  for  producing  heavy  armour 
plates  or  shafts.  What  this  advance  means  may  be  shown  when  it 
is  called  to  mind  that  Krupp  was  considered  to  have  done  marvellous 
work  in  showing  an  ingot  weighing  about  a  couple  of  tons  at  the 
Exhibition  in  1851,  though  it  must  not  be  forgotten  this  was  made 
from  crucible  steel.  Today  ingots  can  be  made  of  almost  any 
weight,  and  their  size  is  practically  governed  by  the  power  of  the 
appliances  used  for  moving  them.  At  the  St.  Louis  Exhil.itiou  a 
model  was  shown  of  a  cylinder  weighing  150  tons  which  had  been 
cast  in  nickle  steel  for  a  10,000-ton  forging  j)ress.  Ingots  of  60  tuns 
weight  for  armour  ])lates  are  not  infrequent.  In  plate  mills  the 
improvements  in  rolling  engines,  the  adoption  of  universal  rolling 
trams,  enormous  hot  slab  shears,  cranes  of  all  descriptions  for 
handling,  charging,  and  drawing  material  from  heating  furnaces, 
cooling  and  straightening  roller  tables,  cold  shears  capable  of  cutting 
plates  up  to  2^  inches  thick,  cooling  floors  fitted  with  castor  rollers  by 
which  these  heavy  plates  are  easily  moved,  have  all  contributed  to  the 
great  outputs  of  steel  plain  rolling  mills,  and  have  enabled  steel  plates 
to  be  produced  at  prices  not  dreamt  of  in  former  years.  This,  in  its 
turn,  has  had  a  beneficial  effect  on  ship-building,  so  that  vessels 
are  today  being  built  of  this  splendid  material  at  a  lower  cost  than 
perhaps  at  any  previous  history  of  the  trade.  The  reduced  price  of 
plates  has  again  re-acted  on  the  cost  of  vessels.  A  former  President, 
Sir  William  H.  White,  has  pointed  out  the  great  advantages  the  use  of 
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steel  has  conferred  on  the  shipbuilder.  Indeed,  few  improvements 
can  be  mentioned  which  do  not  in  some  way  favourably  aflfect  either 
the  cost  or  the  output  of  materials  required  by  mankind. 

While  referring  to  the  improvements  in  making  steel  plates  and 
rails,  one  must  not  omit  to  mention  the  great  strides  made  of  late  years 
by  hydraulic  forging.  Presses  of  5,000  and  even  10,000  tons  are  not 
uncommon,  and  for  working  large  masses  the  hydraulic  forging-press 
seems  to  have  almost  replaced  the  steam-hammer.  A  well-known 
name  in  this  Institution,  Benjamin  "Walker,  had  much  to  do  with  the 
progress  of  this  invention.  While  considering  forging  of  large  masses 
of  iron  and  steel,  it  is  not  easy  to  forget  the  impression  caused  by 
first  seeing  the  Iron  Pillar  at  Delhi.  This  column  of  wrought-iron, 
which  is  16  inches  in  diameter,  of  which  22  feet  are  above  the 
ground,  and  which  is  said  to  be  50  feet  long  and  weighing  about 
18  tons,  is  finished  perfectly  round  and  smooth  with  an  ornamental  top, 
and  was  made  many  centuries  ago  from  iron  produced  direct  from  the 
ore,  and  built  up  piece  by  piece.  Eemembering  the  lack  of  fucilities 
men  had  in  those  days  for  first  forging  and  then  welding  together 
such  an  enormous  mass  makes  one  wonder  at  the  ironworker  of  those 
days,  who  must  have  possessed  engineering  ability  claiming  the 
admiration  of  our  own  times.  It  is  questionable  whether  the  whole 
of  the  iron  works  of  Europe  and  America  could  have  produced  a 
similar  column  of  wrought-iron  so  short  a  time  ago  as  the  Exhibition 
of  1851. 

Another  matter  that  should  be  mentioned  is,  the  progress  made 
in  electrical  smelting.  Although  this  may  not  be  applied  largely  to 
ordinary  steel  making,  there  is  little  doubt  that  it  has  a  large  field 
open  before  it  for  the  production  of  valuable  iron  alloys. 

In  the  few  remarks  made,  frequent  comparisons  have  been  drawn 
between  what  is  being  done  on  this  side  of  the  Atlantic  and  what  is 
being  done  in  the  States.  The  recent  visit  of  our  Institution,  under 
the  guidance  of  its  able  Past-President,  Mr.  Wicksteed,  to  that  great 
country,  must  be  held  as  the  reason  for  this.  But  although  calling 
your  attention  to  their  large  outputs,  it  by  no  means  follows  that 
methods  and  outputs  so  suitable  and  successful  in  the  States,  with  its 
immense  area,  great  population,  and  protected  markets,  would  prove 
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as  successful  on  this  side.  The  United  States  are  not  infrequently- 
referred  to  almost  as  if  they  were  of  the  size  and  importance 
of  English  counties,  not  as  they  really  are,  of  the  size  and 
importance  of  European  countries.  Great  Britain,  with  its  area 
of  120,000  square  miles  and  43  million  inhabitants,  cannot  compare 
with  the  United  States  with  its  3,622,933  square  miles  (practically 
the  size  of  Europe),  with  a  population  nearly  double  that  of  Great 
Britain,  and  increasing  at  the  rate  of  nearly  2  millions  every  five 
years.  The  requirements  of  such  an  enormous  new  country,  with 
such  an  active  population,  can  account  for  a  new  steel  works  being 
laid  out  to  produce  7,000  tons  of  pig-iron  daily,  with  gas-engines  to 
provide  40,000  horse-power,  and  steel  works  to  produce  1  million  tons 
of  steel  ingots  per  annum.  In  this  country  the  great  question  would 
be,  not  so  much  how  to  produce  these  large  quantities,  as  to  dispose 
of  them  profitably  when  they  were  made.  The  system  in  the  States 
of  specializing  various  classes  of  mechanical  engineering  has  struck 
most  of  us.  May  this  not  be  principally  due  to  the  great  advantage 
they  possess  of  having  an  enormous  protected  market  at  their  doors  ? 

Looking  back  to  the  numerous  inventions  that  have  recently 
taken  place,  one  may  perhaps  regret  having  lived  one's  life  too  soon, 
as,  notwithstanding  all  the  grumbling  and  growling  that  goes  on  in 
this  world  of  ours,  we  are  enjoying  comforts  such  as  our  ancestors 
never  dreamt  of,  and  we  move  from  place  to  place  with  speeds  that 
were  only  imagined  in  the  "  Arabian  Nights." 

The  engineer's  life  is  no  doubt  a  strenuous  one,  but  one  of  the 
rewards  of  the  mechanical  engineer  is  that  whatever  improvements 
he  may  make  to  benefit  himself,  he  is  certainly  benefiting  the  rest  of 
mankind.  Every  labour-saving  device  has  contributed  towards 
easing  the  toil  of  thousands,  and  has  at  the  same  time  greatly 
increased  the  opportunity  of  employment,  and  the  well-being  and 
happiness  of  the  world. 
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Mr.  William  H.  Maw,  Past-President,  said  there  were  occasions 
— he  admitted  not  many — when  it  was  not  only  justifiable  but 
desirable  to  ignore  the  prerogatives  of  the  Chair,  and  therefore 
without  even  going  through  the  j)retence  of  obtaining  the  permission 
of  the  President  he  would  ask  the  members  to  join  him  in  according 
to  Mr.  Martin  a  most  hearty  vote  of  thanks  for  the  Address  which 
he  had  just  delivered.  Mr.  Martin  had  very  wisely  devoted  his 
Address  to  a  consideration  of  the  developments  of  that  branch  of 
mechanical  engineering  in  which  he  had  been  himself  chiefly 
engaged,  and  by  that  means  he  had  not  only  produced  an  Address 
of  great  permanent  value,  but  an  Address  which  obtained  added 
interest  from  the  fact  that  the  development  which  he  had  traced  was 
one  in  which,  if  his  modesty  had  allowed  him  to  say  so,  he  had 
taken  a  very  prominent  position.  He  (the  speaker)  was  glad  to  see 
that  the  President  had  referred  to  the  indebtedness  of  the  mechanical 
engineer  to  his  old  friend,  Sir  Henry  Bessemer,  and  it  was  especially 
appropriate  that  he  should  have  done  so,  as  the  present  year  happened 
to  be  the  Jubilee  of  the  great  Bessemer  patent,  Bessemer  having 
taken  out  his  chief  patent  for  the  process  with  which  his  name  was 
associated  in  June  fifty  years  ago.  Thus  the  Address  was  delivered 
within  two  mouths  of  the  time  when  that  great  invention  was  brought 
before  the  world.  Lord  Stalbridge,  on  the  previous  evening  in  a 
very  interesting  speech  (page  344),  had  spoken  of  George  Stephenson's 
estimate  of  the  rails  for  the  Manchester  and  Liverpool  Railway,  rails  at 
35  lbs.  per  yard  costing  £16  10s.  a  ton.  It  was  interesting  to  know 
that,  thanks  to  Bessemer  and  those  who  followed  in  his  footsteps,  the 
heavy  steel  rails  required  for  a  first-class  permanent  way  of  the 
present  day  could  be  turned  out  at  a  somewhat  less  cost  per  yard 
than  the  old  light  iron  rails  for  which  Stephenson  estimated.  The 
Address  was  full  of  very  instructive  and  suggestive  points,  and,  if 
time  permitted,  he  should  like  very  much  to  dwell  upon  some  of 
them,  but  he  had  received  a  hint  that  time  was  very  valuable  that 
evening   on  account  of  the  important  discussion  to  follow,  and  he 
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would  therefore  say  notliing  further,  except  to  ask  the  members  to 
join  him  in  the  most  hearty  vote  of  thanks  to  the  President  for  the 
admirable  Address  he  had  just  delivered. 

Mr.  J.  Hartley  Wicksteed,  Past-President,  had  tlie  privilege 
accorded  to  him  of  seconding  the  vote  of  thanks.  He  felt  he  had  no 
right  to  do  so  with  Mr.  "Windsor  Eichards,  senior  Past-President, 
sitting  beside  him,  but  he  supposed  Mr.  Richards  felt,  as  also  did 
Mr.  Maw,  that  he  (Mr.  Wicksteed)  would  be  very  much  gratified  at 
being  able  to  express  the  pride  ard  pleasure  he  had  that  evening  in 
listening  to  his  successor,  and  in  feeling  that  the  Presidency  of  the 
Institution  was  so  upheld  by  Mr.  Martin  that  it  would  redound  to  the 
credit  of  all  those  who  had  previously  occupied  the  Chair.  He  felt 
that  the  President  had  given  an  epitome  of  a  life's  work.  The  whole 
of  the  iuformatitin  had  come  within  Mr.  Martin's  intimate  personal 
knowledge,  and  that  was  what  made  it  so  vivid  and  interesting  to 
listen  to.  For  those  reasons  it  gave  him  great  pleasure  to  be  the 
vehicle  of  seconding  the  vote  of  thanks  which  he  was  sure  all  the 
members  wished  to  have  an  opportunity  to  expre.-s.  He  nas  greatly 
interested  in  the  little  parenthesis  referring  to  Cort's  invention. 
When  he  was  in  America  he  visited  Mr.  Morgan,  of  Worcester,  who 
almost  idolized  the  memory  of  Cort,  and  it  was  Mr.  Morgan  who  had 
prepared  somethiug  in  bronze  for  the  tomb  of  Cort,  in  ( rder  that 
young  men  might  look  and  see  in  what  honour  a  man  was  held  who 
had  done  the  things  Cort  had  done  for  the  benefit  of  mankind ;  and 
that,  although  the  results  of  his  labours  might  not  have  enriched 
the  inventor  himself,  yet  he  was  held  in  honour  by  succeeding 
generations. 

The  Resolution  was  carried  by  acclamation. 

The  President  thanked  the  members  very  much  for  their  hearty 
reception  of  the  few  words  he  had  addressed  to  them. 
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CONVERSAZIONE. 

A  CoNVEESAziONE  took  place  at  the  Institution  on  Thursday, 
lltli  May  1905,  when  the  Members  and  their  friends  were  received 
by  the  President  and  the  Misses  Martin.  During  the  evening  the 
band  of  His  Majesty's  Scots  Guards  played  a  selection  of  music,  and 
vocal  music  was  rendered  in  the  Library.  Mr.  Francis  Fox  gave  a 
short  description  of  the  Simplon  Tunnel,  and  illustrated  it  by 
lantern  slides.     The  number  of  Guests  was  about  850. 
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PHOTOGEAPHS   OF   CUTTING-TOOLS  IN  ACTION, 


By  Me.  J.  F.  BROOKS,  Associate  Member,  of  Leicester. 


[Selected  for  puhlication.'] 

Explanatory  Note. — The  forty  photographs  of  tools  in  the  act  of 
cutting  various  metals,  Plates  8  to  12,  were  taken  by  the  author  at 
the  Municipal  Technical  School,  Leicester.  The  tools  have  cutting 
angles  varying  from  90^  to  45°,  and  take  different  depths  of  cut 
with  generally  a  clearance  angle  of  7*5^.  They  are  represented 
cutting  cast-iron,  Plates  8  and  9  ;  cast-steel,  Plate  9  ;  mild  steel.  Plates 
10  and  11 ;  gun-metal,  Plate  12  ;  wrought  iron,  Plate  9 ;  and  copper, 
Plate  12.  The  photographs  were  taken  with  the  work  stationary  on 
account  of  the  long  exposures  which  were  necessary.  The  tool  was 
not,  however,  altered  in  any  way  ;  and  often  the  cutting  was  allowed 
to  proceed  until  a  characteristic  view  was  obtained.  The  method 
of  taking  the  photographs  is  shown  in  the  accompanying  Fig. 
(page  366),  and  on  Plate  7. 

The  work  having  been  placed  in  the  lathe  and  the  tool  adjusted, 

the  microscope  was  put  in  position  and  the  camera  was  then  brought 

to  the  tube  of  the  microscope.     The  tool  was  so  ground   that   the 

cutting  edge  made  an  angle  of  45°  with  the  axis  in  the  plan.     On 

the  left  side  the  stock  was  removed,  so  that  the  view  presented  was 

fairly  normal  to  the  line  of  vision  and  at  right  angles  to  the  cutting 

edge.     What  is  actually   shown,  therefore,  is  an  end  view  of  this 

cutting  edge,  and  what  is  called  the  depth  of  cut  is  really  the  rate  of 

traverse   as   seen   at    an  angle   of    45°.      The   ordinary    depth   of 

cut,   as   understood   in   the   workshop,  made   no   difference   to   the 

.             Depth  of  Cut  as  seen  1  -n     j.-         3        i.     xi. 

picture    Traverse ~~/%'  magnification    due    to  the 

microscope   was   about   six   diameters,  varying   somewhat  with   the 
position  of  the  camera. 
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The  object  of  taking  the  photographs  was  merely  to  keep  a 
record  of  what  was  seen  with  a  view  to  answering  the  questions  : 
How  does  the  tool  act?  What  is  the  influence  of  the  material, 
cutting  angle,  depth  of  cut,  and  speed  of  cutting  ?  The  action  of 
these  tools  cannot  be  described  as  pure  cutting ;  the  chip  is  formed 
in  many  ways.  Compression,  shearing,  splitting  and  tearing,  all 
play  a  part ;  sometimes  singly,  sometimes  together.  The  action 
seems  to  be  most  satisfactory  when  the  extreme  cutting  edge  causes 

Method  of  Taking  the  Photographs. 
Plan. 


Microscope 


a  gradual  and  even  shear  of  very  thin  laminae.  Any  departure  from 
this  action  involves,  either  crushing  of  the  material  in  front,  and 
consequent  deformation  of  the  finished  surface,  or  an  indefinite 
splitting  which  is  not  directly  controlled  by  the  tool  edge.  In  the 
first  case  the  forces  must  be  excessive,  in  the  latter  they  must 
fluctuate  considerably. 

As  might  be  expected,  each  material  has  its  distinct  characteristics. 
The  property  mainly  influencing  the  mode  of  separation  is  its 
plasticity,  or  the  ease  with  which  its  crystals  slide  over  each  other. 
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If  the  forces  at  the  tool  point  are  weighed,  then  the  tenacity, 
elasticity,  &c.,  of  the  material  will  alter  their  magnitude.  The  way 
in  which  separation  of  the  shaving  is  effected  often  varies  in  the 
same  bar,  and  probably  the  study  of  this  will  form  a  very  searching 
test  for  homogeneity  in  a  material. 

The  cutting  angle  requisite  to  produce  the  above  ideal  condition 
varies  with  the  thickness  of  the  shaving ;  and  indeed  with  very  thick 
shavings  this  condition  may  be  unobtainable,  on  account  of  the 
shearing  force  necessary  to  cause  sliding  along  the  particular  line 
of  slip  being  greater  than  the  crushing  resistance  of  the  metal. 
The  material,  cutting  angle,  and  thickness  of  shaving  are  closely 
connected,  and  the  simplest  method  of  investigation  is  to  take 
photographs  of  the  actual  conditions.  The  effect  of  cutting  speed 
cannot  be  dealt  with  in  this  way.  From  observation,  however,  it 
appears  that  the  angle  at  which  slipping  or  shearing  takes  place 
is  fairly  constant  for  all  ordinary  speeds. 

The  quality  of  the  material  operated  upon  is  as  follows  :  — 

Cast-iron,  Plates  8  and  9:  combined  carbon,  0-315  per  cent.; 
graphite,  3-26  per  cent.;  silicon,  2-193  per  cent.;  sulphur,  0-039 
per  cent. ;  phosphorus,  0-991  per  cent.;  manganese,  0-721  per  cent. 

Average  crushing  stress  per  square  inch  28-3  tons. 

Mild  steel,  Plates  10  and  11,  "Acid  Bessemer"  :  carbon,  0-22 
per  cent. ;  manganese,  0-936  per  cent. ;  silicon,  0-047  per  cent. 

Gun  metal,  Plate  12  :  copper,  90  per  cent. ;  tin,  8  per  cent. ; 
zinc,  2  per  cent. 

The  Paper  is  illustrated  by  Plates  7  to   12,  and  1  Fig.  in  the 

letterpress. 
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NOTE  ON  A  TEN-WHEELS-COUPLED  TANK-ENGINE* 
ON  THE  NATAL  GOVEENMENT  E  AIL  WAYS. 


By  Me.  JOHN  T.  HOGG,  Associate  Meinber,  of  Dukbax,  Natal. 


[^Selected  for  publication.'] 

In  1898  when  traffic  on  the  Natal  Government  Eailways  began  to 
increase  steadily,  there  were  indications  that  this  increase  would 
continue,  and  the  problem  of  providing  an  engine  that  would  haul 
on  the  worst  grades  50  per  cent,  more  load  than  the  best  existing 
locomotive  in  use  on  that  line  presented  itself  to  the  then  Locomotive 
Superintendent,  Mr.  G.  W.  Eeid.  The  limitations  imposed  were  : — 
3  feet  6  inches  gauge,  grades  of  1  in  30  compensated  for  curves  of 
300  feet  radius,  Fig.  3  (page  371),  the  weight  on  any  axle  not  to 
exceed  14  tons,  78-lb.  rails,  and  a  construction  gauge  not  exceeding 
13  feet  6  inches  above  rail,  and  9  feet  between  platforms. 

Various  objections  were  put  forward  when  the  design  of  the 
engine  was  submitted  for  consideration,  and  doubts  were  expressed 
as  to  sufficiency  of  boiler  power,  and  to  probable  safeness  in 
rounding  curves ;  indeed  it  was  shown  on  paper  that  the  proposed 
engine,  on  account  of  length  of  wheel-base,  would  be  deflected 
laterally  more  than  twice  the  distance  which  a  former  type  of  engine 
had  to  negotiate,  and  would  exert  a  correspondingly  greater  effort  on 
the  outer  rail  or  on  guard  rail  when  traversing  a  curve. 

*  For  other  trials  of  this  tj'pe  of  engine  see  Central  South  African  Railways 
Locomotive  Department  Report  for  1904,  by  P.  A.  Hyde,  which  contains  an 
account  of  trials  of  similar  engines  compared  with  the  same  type  converted  to 
an  8-wheels-coupled  engine.  See  also  Report  of  Engine  Trades  of  South 
Africa,  by  Ben.  H.  Morgan,  1902.     (Sect.  I.  Mech.  E.). 
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The  engine  is  illustrated  in  Plate  13. 
are: — 

Cylinders 
Wheels  (coupled) 

„      (bogie) 
Boiler  (outside  diameter) 
Tubes 


Heating  Surface 


The  principal  dimensions 

19  inches  by  27  inches. 

3  feet  9  inches  diameter. 
2  feet  1^  inches  diameter. 

4  ft-et  10|  inches. 

287  red  metal,  1|  inch  external 
diameter,  11  W.  G.,  10  feet 
4  inches  Ions;. 

Firebdx  134'79  f quare  feet ; 
Tubes  1358*71  square  feet. 


Total  1493  "5    square  feet. 
Grate  area         ......     21"  15  square  feet. 

Boiler  pressure  ......     175  lbs.  per  square  inch. 

From  leading  bogie  axle  to  trailiug  bogie 

axle  .         .         .         .         .         .30  feet  6  inches. 

Fixed  wheel-base  (flanged  wheels)      .         .     8  feet  4  inches. 
Length  of  frame         .  .  .  .  .34  feet  G  inches. 

Total  length  over  butfers    .         .         .         .37  feet  6  inches. 

Extreme  widtli  (footplate)  .         .         .8  feet  3  inches. 

Ct'utre  line  of  boiler  from  rail      .         .         .6  feet  10  inches. 
Chimney  from  rail     .  .  .  .  .12  feet  6  inches. 

Tank  capacity  ......     1880  gallons. 

Coal  capacity  of  bunker      .         .         .         .     4  tons. 

Weight  of  engine  (empty)  .         .         .         .52  ions  1  cwt. 

„        „      ,,       (ready  for  road)        .         .     68  tons  17  cwt. 
Tractive  force,  taking  M.  E.  P.  as  75  per 

cent,  of  gauge  pressure   ....     28.374  lbs. 

The  valve-motion  is  of  the  Allan  straight-link  type,  reversed  by 
hand-wbeel  and  screw  gear.  Slide-valves  of  the  Richardson 
balanced  type  are  placed  in  separate  steam-chests  between  the  frames 
on  the  sides  of  cylinder  castings.  The  bearing  for  the  large  end  of 
the  connecting-rod  is  turned  eccentric  to  the  coupling-rod  pin  for 
the  purpose  of  economy  in  working  expansively,  giving  the  piston 
the  longest  stroke  that  the  wheel  will  permit,  and  at  tbe  same 
time  keeping  down  the  throw  of  coupling-rod.  The  leading  bogie 
is  controlled  by  two  side-check  springs  and  has  4  inches  of  side 
play  in  each  direction,  Plate  14.  Difficulty  was  experienced  in 
designing  some  of  the  parts  ;  as  an  illustration  it  may  be  mentioned 
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that  the  equalizing  pipe  between  the  tanks  had  to  be  led  back  to 
the  buflfer-beam,  then  across  under  the  frames  ;  this  pipe  is  of  cast- 
iron  of  rectangular  section  5  inches  by  8  inches.  It  was  deemed 
also  impracticable  to  put  vacuum-brake  gear  on  the  engine, 
therefore  a  single  cylinder  steam-brake,  worked  from  a  combination 
vacuum  ejector,  was  adopted. 

The  load  of  this  engine  when  first  put  to  work  was  fixed  at 
580  tons,  on  the  level,  made  up  of  eighteen  eight- wheeled  vehicles 
and  van,  the  net  weight  being  360  tons ;  its  capacity  is  much  greater 
than    that,    but    the    difficulty    of    maintaining    sufficient    vacuum 


Fig  3. 


Feet 


Loco.  Tanks 

Passing  Stations  • 

Miles 


throughout  a  long  train  was  the  chief  factor  in  deciding  the  question 
of  load.  The  load  over  the  worst  portions  of  the  line  is  200  tons, 
but  the  actual  amount  varies  up  to  210  tons,  of  which  120  is  paying 
load. 

The  cylinders  of  these  engines  are  convertible  to  20  inches  by 
removing  a  ^-inch  liner  or  bush.  No.  149  was  treated  in  this  way, 
and  in  August  1901  the  author  made  a  trip  with  that  engine,  taking 
230  tons  from  Durban  to  Inchanga,  Fig.  3,  a  very  heavy  section, 
including  a  long  continuous  rise  with  many  sharp  curves.      The 
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engine  hauled  the  load  satisfactorily  with  the  lever  in  such  a  position 
that  the  steam  was  cut  off  at  about  59  per  cent,  of  the  stroke  ;  but 
the  steam-consumption  in  the  large  cylinders  was  too  severe  a  tax 
on  the  boiler,  and  the  experiment  has  not  been  repeated.  The 
engines  have  certainly  fulfilled  expectations  in  the  matter  of  tractive 
power.  Halving  a  train  on  a  bank  is  now  quite  unknown ;  should  a 
train  be  temporarily  stalled  owing  to  greasy  rails,  these  engines  are 
always  able  to  start  away  again  with  the  whole  train  on  an  incline. 
Unfortunately  neither  the  appliances  nor  the  opportunities  were 
available  for  going  thoroughly  into  the  different  questions  of  the 
locomotive  performances,  and  all  information  has  been  gathered  from 
regular  service  trips. 

Plate  14  shows  the  engine  upon  a  curve  of  250  feet  radius.  The 
first  difficulty  experienced  in  practice  was  when  the  engine  (bunker 
first")  was  entering  sidings,  where  the  angle  of  the  crossing  is  1  in  7. 
Side-play  was  increased,  and  the  leading  wheels  (flangeless)  dropped 
inside  the  rail.  To  obviate  this,  7-inch  broad  tyres  were  jiut  on 
the  leading  wheels,  and  6-inch  broad  tyres  on  trailing  wheels,  and 
an  inclined  plane  arrangement  was  substituted  for  check  springs  on 
the  trailing  bogie. 

A  considerable  amount  of  work  has  been  done  in  the  direction  of 
strengthening  the  rails  in  the  sidings  and  easing  sharp  reverse 
curves,  with  the  result  that  the  number  of  derailments  has,  during 
1904,  been  reduced  by  20  per  cent,  as  compared  with  1903 ;  90  per 
cent,  of  these  derailments  occurred  at  points  and  crossings,  most  of 
them  while  setting  back,  and  have  been  explained  as  being  due  to 
the  long  wheel-base.  The  trailing  flangeless  wheels  are  forced  over, 
and,  catching  on  the  switch  rail,  open  the  points  which  are  worked 
by  an  ordinary  tumbler  or  "  Williams  lever."  Thus  the  following 
wheels  drop  between  the  switch  and  stock  rails.  This  has  been 
obviated  by  coning  the  tread  of  the  tyre  on  the  wheels  referred  to 

for  a  breadth  of  l^V  i^^li- 

The  principal  trouble  with  the  boiler  has  been  that  the  side- 
sheets  of  the  firebox  wear  thin.  This  defect  is  accounted  for  by  the 
flame  striking  them  before  being  drawn  over  the  brick  arch.  The 
part  of  the  plate  so  affected  was  formerly  cut  out  and  a  patch  put 
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on  ;  the  iujurious  action,  however,  continues,  and  the  patches  fail 
through  the  rivet-holes  down  the  front  edge  of  the  patch  plate. 
This  has  led  to  the  adoption  of  another  device,  namely  putting  in  a 
patch  the  whole  length  of  the  firebox,  thereby  leaving  no  vertical 
ridge  for  the  flame  to  strike,  and  has  been  entirely  successful.  The 
large  surface  of  the  tube-plate  is  to  a  great  extent  responsible  for  the 
trouble  experienced  at  the  joint  of  throat-plate,  which  gets  into  a 
leaky  condition.  The  varying  strains  imposed  on  the  plates  during 
the  cooling  down,  washing  out,  and  lighting  up,  due  to  the  top  of 
the  whole  boiler  being  hotter  than  the  lower  portion  (owing  to 
restricted  circulation)  causes  the  throat-plate  seam  to  leak.  No 
trouble  is  experienced  with  the  tubes  or  stays,  with  the  exception  of 
palm-stays,  some  of  which  have  been  found  broken,  another  result  of 
the  conditions  already  described.  The  side-stays  are  of  Messrs. 
Stone's  No.  4  bronze,  and  not  one  has  been  found  broken  in  any  of 
the  engines. 

The  following  is  an  analysis  of  a  Natal  coal  which  was  largely 
used  ;  it  shows  a  heavy  quantity  of  sulphur,  which,  no  doubt,  acted 
harmfully  on  the  plates. 


Natal  Coal  for  Locomotives. 


Per  cent 

Moisture         .... 

1-5 

Carbon           .... 

.       62-4 

Volutile  matter 

.       23-9 

Sulphur         .... 

2-5 

Ash 

9-7 

100-0 

Specific  gravity  1  •  363. 

The  wheel-flanges,  particularly  the  driving  flanges,  wear 
excessively  through  working  over  so  many  sharp  curves,  so  much  so 
that  the  other  parts  of  the  engine  require  overhaul  only  when  it  is 
necessary  to  turn  up  the  engine  wheels.  This  excessive  wear  has 
been  successfully  checked  on  engine  No.  182  by  the  introduction  of 
a  swing-link  bogie  in  place  of  the  original  bogie  with  side-check 
springs.     This  modification  has  had  a  twelve  months'  trial,  and  the 
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alteration  of  the  other  engines  in  a  similar  manner  is  contemplated. 
The  average  mileage  run  by  these  engines  before  being  taken  into 
the  shops  is  42,232,  the  yearly  train-mileage  being  22,572.  The 
cost  of  operating,  including  wages,  coal,  water  and  stores,  works  out 
at  9(7.  per  train-mile,  while  the  cost  of  repairs  is  6  •  3c?.  per  train- 
mile.  It  must  not  be  forgotten  that  the  wages  of  drivers  and 
firemen  on  these  engines  are  15s.  and  lOs.  per  day  respectively,  and 
that  running-shed  fitters  are  paid  12s.  and  13s.  per  day. 

The  following  figures  show  the  increased  average  tonnage 
obtained  by  the  introduction  of  the  ten-wheels-coupled  tank-engines 
and  larger  capacity  wagons  : — 


Year. 

Tonnage. 

Average. 

Leaving  Durban. 

Tonnage  per  train. 

1897      .... 

219,052 

62-98 

1903      .... 

725,597 

96-61 

Increase 

.506,545 

^3-63 

Percentage  of  increase    . 

231-24 

53-39 

It  has  been  shown  that  the  increased  haulage  capacity  of  these 
engines  saved  the  department  from  facing  a  serious  block  at  Durban 
during  war-time;  the  traffic  furwarded  from  Durban  during  1901 
amounted  to  515,793  tons,  while  the  figures  for  the  twelve  months 
prior  to  the  War  (prior  also  to  the  arrival  of  these  engines) 
was  221,281,  which  represented  the  maximum  capacity  of  the 
engines  then  in  use. 

The  Paper  is  illustrated  by  Plates  13  and  14,  and  1  Fig.  in 
the  letterpress. 
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Philip  Unwin  Askham  was  born  in  Sheffield  on  7th  January 
1838.  When  a  youth  he  was  apprenticed  to  the  firm  of  Messrs. 
John  Brown  and  Co.,  of  Sheffield,  and  on  the  completion  of  his  term 
in  1866  he  started  in  business  with  his  brother,  Mr.  John  U. 
Askham.  The  commencement  was  on  a  small  scale,  but  the  business 
soon  grew,  the  chief  products  of  the  firm  being  that  of  steel 
manufactures  and  crucible  steel  castings.  The  manufacture  of 
tramway  points  and  crossings  was  added,  and  when  electric  traction 
was  introduced,  the  firm  came  into  great  prominence  with  their 
productions.  They  were  the  pioneers  in  the  construction  of 
crucible  steel  points  and  crossings.  In  addition  to  tramway 
materials,  the  firm  also  turned  out  pulverizing  and  grinding 
machinery  for  cement,  etc.,  also  separators,  conveyers,  elevators, 
brewery  trucks,  hoppers,  and  sheet-iron  works.  Mr.  Philip  Askham 
devoted  himself  to  the  commercial  side  of  the  business,  and 
travelled  considerably.  In  1903  the  business  was  amalgamated 
with  that  of  Messrs.  Edgar  Allen  and  Co.,  Imperial  Steel  Works, 
Sheffield,  when  the  two  brothers  retired  from  the  firm.  For  some 
considerable  time  he  had  been  in  failing  health,  and  his  death,  which 
was  not  unexpected,  took  place  at  his  residence  in  Sheffield,  on 
23rd  May  1905,  at  the  age  of  sixty-seven.  He  became  a  Member  of 
this  Institution  in  1890. 

Thomas  Brogden  was  born  at  Hull  on  28th  August  1840.  He 
served  an  apprenticeship  from  1854  to  1861  with  the  firm  of  Messrs. 
Fowler  and  McCollin,  engineers,  of  Hull ;  and  then  was  engaged  as 
a  journeyman  in  the  works  of  Messrs.  C.  and  W.  Earles,  of  the  same 
town,  subsequently  going  to  Messrs.  Shaw  and  North,  of  Leeds.  In 
1869  he  joined  with  Mr.  J.  Appleby  in  business  as  shipsmiths  at 
Sandside,  Scarborough,  at  the  time  when  the  fishing  industry  with 
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smacks  was  at  its  zenith.  In  1893  the  firm  purcliased  a  foundry 
and  general  works  at  Sussex  Street,  Scarborough,  of  which  Mr. 
Brogden  was  business  partner  up  to  his  death,  which  took  place 
from  heart  failure  on  16th  March  1905,  in  his  sixty-fifth  year.  He 
became  a  Member  of  this  Institution  in  1890. 

Algernon  Henry  Davis  was  born  at  Withington,  Lancashire, 
on  18th  May  1866.  He  was  educated  at  Dulwich  College,  and 
afterwards  at  King's  College,  London,  in  applied  science  and 
engineering.  From  1884  to  1888  he  served  his  time  in  the  works  of 
the  Societe  John  Cockerill,  Seraing,  Belgium,  and  on  its  completion 
he  entered  the  office  of  his  father,  who  was  agent  and  consulting 
engineer  to  the  Egyptian  Government  Railways  and  Telegraphs 
and  to  the  Port  of  Alexandria.  In  the  capacity  of  manager  of  the 
office,  he  inspected  machinery  and  engineering  stores  in  all  parts  of 
Europe.  He  next  became  resident  engineer  during  the  erection  of 
waterworks  pumping  machinery  in  Spain,  and  subsequently  visited 
Australia  and  New  Zealand.  On  returning  to  England  he  entered 
into  business  with  bis  father  in  London  as  consulting  engineers 
and  contractors,  and,  on  the  death  of  his  father,  he  obtained  an 
appointment  as  assistant  clerk  to  the  Board  of  Management  of  the 
South  Metropolitan  District  Schools.  In  October  1900  he  was 
appointed  general  manager  of  Wells  and  Baths  under  the  Harrogate 
Corporation,  having  charge  of  eighty  wells  and  buildings ;  this 
position  he  held  until  his  death,  which  took  place  from  pneumonia, 
at  his  residence  in  Harrogate,  on  18th  March  1905,  in  his  thirty-ninth 
year.  He  became  an  Associate  Member  of  this  Institution  in  1902  ; 
and  was  a  Fellow  of  the  Eoyal  Horticultural  Society. 

Frederick  Grew  was  born  at  Norwich  on  26th  December  1819. 
He  gained  his  early  engineering  experience  in  the  factory  of  his 
father  who  was  a  cloth  crape  and  bombazine  finisher.  In  1844  he 
went  to  London,  and  served  his  time  in  the  Fairfield  Engineering 
Works,  Bow,  at  that  time  under  the  management  of  the  late 
Mr.  W.  Bridges  Adams,  which  subsequently  became  the  locomotive 
and    carriage    works    of    the    North    London    Railway.      On    the 
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completion  of  liis  apprenticeship,  he  was  engaged  as  draughtsman 
for  one  year,  and  then  went  in  a  similar  capacity  to  the  works  of 
Messrs.  Swayne  and  Bovill,  of  Mill  wall.  Among  his  contemporaries 
at  the  Fairfield  Works  was  the  late  Sir  Frederick  Bramwell,  who 
employed  him  during  1849  and  1850  in  assisting  in  his  various 
enterprises.  In  the  latter  year  he  was  appointed  resident  engineer 
during  the  construction  of  the  Tudela  and  Bilbao  Eailway.  On  its 
completion  he  became  locomotive  superintendent  of  the  Madrid  and 
Alicante  Eailway,  and  in  the  next  year  accepted  a  similar  post  on 
the  Cadiz  and  Jerez  Kailway.  Eeturning  to  England  in  1856,  he 
was  appointed  manager  of  the  drawing  office  of  Messrs.  Brown, 
Marshalls  and  Co.,  of  Birmingham,  which  post  he  held  until  1859, 
when  he  went  to  Belgium  for  foitr  years  as  inspecting  engineer 
during  the  construction  of  the  rolling-stock  for  the  Varna  Eailway 
Co.,  Turkey.  In  1867  he  was  appointed  as  assistant  engineer 
on  the  Irish  Eailways  Commission,  which  was  created  with  the 
object  of  standardizing  the  existing  gauges  and  rendering  uniform 
other  details  of  management.  In  his  earlier  years  he  was  intimately 
associated  with  the  radial  axle-box  for  locomotives,  and  later  on 
assisted  his  brother,  Nathaniel  Grew,*  in  designing  a  form  of 
locomotive  for  running  on  ice,  which  was  reported  to  have  worked 
successfully  in  Eussia  on  the  Eiver  Neva,  during  the  winter  of  1861, 
conveying  passengers  and  goods  between  St.  Petersburg  and 
Cronstadt.  A  model  of  it,  shown  in  the  Exhibition  of  1862,  is  now 
in  the  South  Kensington  Museum.  In  1875  he  retired  from  active 
business,  and  resided  alternately  at  Lee  in  Kent,  St.  Leonard's-on- 
Sea,  and  Switzerland.  His  death  took  place  at  his  residence  in  Lee, 
on  19th  March  1905,  in  his  eighty-sixth  year.  He  became  a 
Member  of  this  Institution  in  1883. 

Enoch  Horton  was  born  at  Darlaston  on  10th  April  1829,  and 
was  educated  at  a  local  school.  Having  lost  his  mother  at  an  early 
age,  he  commenced  to  work  when  he  was  seven  years  old,  earning 
a  meagre   wage  by  making   waxed   hemp   threads   for  the   use   of 

*  Proceedings  1897,  Part  2,  page  233. 
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shoemakers.  After  working  at  that  industry  for  some  time  he 
became  a  blower  of  bellows  for  a  Darlaston  gun-lock  forger.  Then 
he  obtained  employment  at  a  foundry  in  Spring  Vale,  near 
Wolverhampton,  where  he  worked  for  three  years,  afterwards 
going  to  the  Darlaston  Green  Works  for  a  short  time.  Subsequently 
he  assisted  his  father,  as  a  nut  and  bolt  forger,  with  whom  in  1849 
he  entered  into  partnership,  and  thus  was  laid  the  foundation  of  a 
business  which  has  since  become  one  of  the  largest  of  the  trade  in 
the  United  Kingdom.  The  first  works  were  situated  in  Bell  Street, 
Darlaston,  and  the  firm  so  prospered  that  larger  premises  were 
taken,  the  Old  Alma  Works  being  turned  from  a  wire-drawing  mill 
into  a  bolt  and  nut  manufactory.  The  partnership  was  dissolved  in 
1S64,  and  in  1870  the  first  portion  of  the  present  Alma  Works  was 
erected ;  the  New  Britannia  Works,  which  were  adjoining,  were 
subsequently  added.  At  the  present  time  more  than  600  hands  are 
employed.  He  became  a  director  of  several  industrial  firms,  and 
was  chairman  of  the  West  Gloucester  Water  Co. ;  in  local  affairs  he 
took  a  prominent  part,  being  actively  engaged  on  the  Darlaston 
Highway  Board,  and  after  it  was  merged  in  the  Local  Board  he 
became  its  chairman.  He  occupied  the  position  of  chairman  of  the 
School  Board,  and  represented  the  town  of  Darlaston  on  the 
Staff'ordshire  County  Council ;  he  was  also  a  Justice  of  the  Peace. 
Latterly  his  health  had  been  indifl'erent,  owing  to  weakness  of  the 
heart,  and  an  attack  of  pneumonia  supervening  on  a  relapse  caused 
his  death  at  his  residence  at  Bescot,  near  Darlaston,  on  15th  May 
1905,  at  the  age  of  seventy-six.  He  became  a  Member  of  this 
Institution  in  1868;  and  was  also  a  Member  of  the  Iron  and  Steel 
Institute. 

The  Eight  Hon.  Sir  Bernhard  Samuelson,  Bart.,  was  born  in 
Hamburg  on  22nd  November  1820.  He  was  the  son  of  a  Hull 
merchant,  and,  after  being  privately  educated,  was  apprenticed  at 
the  age  of  fourteen  to  a  mercantile  house  in  Liverpool.  At  the  age 
of  seventeen  he  was  sent  by  his  employers  to  obtain  a  number  of 
locomotive  engines  at  Warrington  for  exportation  to  Prussia.  The 
whole   of  his   scanty   leisure   was   devoted    to   the   acquisition   of 
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mechanical  knowledge,  and  he  was  rewarded  by  being  entrusted  by 
the  firm  of  Messrs.  Sharp,  Stewart  and  Co.,  to  take  charge  of  their 
locomotive  Avorks  on  the  Continent.  After  three  years  of  this 
experience  he  set  up  locomotive  works  on  his  own  account  at 
Tours,  in  France,  and  carried  them  on  most  successfully  until  the 
French  Eevolution  of  1848  caused  him  to  leave  the  country.  It  so 
happened  that  at  that  time  there  was  for  sale,  through  the  death 
of  the  proprietor,  a  small  factory  of  agricultural  implements  at 
Banbury.  This  business  he  bought  with  a  view  of  development, 
and  thus  founded  the  "  Britannia  Works,"  which  transformed 
Banbury  from  an  agricultural  town  to  an  industrial  centre.  At  first 
he  was  his  own  manager,  secretary,  and  traveller ;  the  extension  of 
the  works,  however,  was  rapid,  the  processes  adopted  being  largely 
the  invention  of  the  firm.  In  1853,  when  visiting  Cleveland  in 
connection  with  an  exhibition  of  agricultural  implements,  he  met  the 
late  Mr.  John  Vaughan,  one  of  the  pioneers  of  the  Cleveland  iron 
trade.  The  enormous  iron  industry  was  then  unknown,  but 
Sir  Bernhard  and  Mr.  Yaughan  realized  the  possibilities  of  the 
district,  and  lost  no  time  in  getting  capital  together,  with  which 
they  built,  in  the  following  year,  three  blast-furnaces  near 
Middlesbrough,  from  each  of  which  some  200  tons  of  iron  were 
produced  per  week  with  a  consumption  of  800  tons  of  fuel.  This 
was  the  beginning  of  his  career  as  an  ironmaster.  By  the  year 
1870  he  had  eight  blast-furnaces  at  work,  producing  2,500  to  3,000 
tons  of  pig-iron  per  week. 

His  ambitions  towards  Parliament  were  awakened  while  a 
witness  before  a  Committee  of  the  House  of  Commons,  and  he 
determined  to  add  political  honours  to  his  many  existing  interests. 
A  vacancy  for  Banbury  occurred  in  1859,  and,  seeking  election 
as  a  Liberal,  he  was  elected  by  the  narrow  majority  of  one  vote. 
In  1865  he  was  re-elected,  and  he  sat  for  Banbury  until  1885,  when 
that  constituency  was  merged  into  the  North  Oxfordshire  Division, 
which  he  represented  until  his  retirement  in  1895,  upon  which  he 
was  created  a  Privy  Councillor.  With  the  advocacy  of  education, 
both  elementary  and  technical,  he  was  inseparably  connected,  and 
by   his   persistent    eftbrts    he   forced   the   Government    to    action 
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Accordingly  in  1867  he  was  charged  with  drawing  up  a  report  on 
the  education  of  the  industrial  population  both  in  Great  Britain  and 
on  the  Continent.  This  was  published  as  a  Parliamentary  paper, 
and  was  a  valuable  addition  to  the  knowledge  of  educational 
matters.  He  was  a  member  of  several  commissions  of  education 
and  kindred  subjects,  and  from  1881  to  1884  was  chairman  of  the 
Royal  Commission  on  Technical  Education.  For  his  services  in 
this  connection  he  received  a  baronetcy  in  1884.  He  made  a  report 
to  the  Foreign  Office  in  1867  on  the  renewal  of  the  commercial 
treaty  between  this  country  and  France,  and  was  appointed 
chairman  of  the  Railway  Commission  in  1873,  and  later  was  elected 
chairman  of  the  Associated  Chambers  of  Commerce.  He  was 
chairman  of  a  Parliamentary  Committee  enquiring  into  the  reform 
of  the  Patent  Laws,  and  a  member  of  the  Royal  Commission  on 
Elementary  Education,  which  reported  in  1888.  He  acted  as 
reporter  to  the  Select  Committee  on  the  Drainage  of  the  Thames 
Valley,  and  was  associated  with  a  great  deal  of  parliamentary  work 
in  connection  with  other  technical  questions. 

He  became  a  Member  of  this  Institution  in  1865,  and  was  a 
Member  of  Council  during  the  years  1883  and  1884.  He  was  also 
a  Member  of  the  Institution  of  Civil  Engineers,  President  of  the 
Iron  and  Steel  Institute  during  1883  and  1884,  a  Fellow  of  the 
Royal  Society,  and  a  Clievalier  of  the  Legion  of  Honour.  He  also 
occupied  the  presidential  chair  of  the  Cleveland  Ironmaster's 
Association,  and  was  President  of  the  Agricultural  Engineers' 
Association.  He  took  a  great  interest  in  the  local  affiiirs  of 
Banbury,  and  presented  to  the  town  the  buildings  used  for  the 
Mechanics'  Institute  and  the  Municipal  Schools.  In  1860  he  built 
and  equipped  at  his  own  expense  the  Cherwell  British  Schools  for 
the  purpose  of  providing  education  mainly  for  the  children  of  his 
workmen  ;  and  subsequently  he  handed  over  the  buildings  to  the 
new  Borough  Education  Authority.  On  the  formation  of  the 
Oxfordshire  County  Council  he  was  elected  a  County  Alderman,  in 
which  position  he  remained  until  his  death ;  he  was  also  a  Justice 
of  the  Peace  for  Oxfordshire.  His  death  took  place  at  his  residence 
at  Prince's  Gate,  London,  from  pneumonia,  on  10th  May  1905,  in 
his  eighty-fifth  year. 
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William  Sellers  was  born  in  Upper  Darby,  Delaware  County, 
Pa.,  United  States,  on  19th  September  1824,  being  a  descendant  of 
Samuel  Sellers  who  emigrated  from  Belper,  Derbyshire,  in  1682. 
He  was  educated  at  a  private  school,  built  and  maintained  by  his 
father  and  two  relatives  for  the  education  of  their  children. 
When  fourteen  years  of  age  he  was  apprenticed  for  seven  years  to 
the  machinist's  trade  with  his  uncle,  Mr,  J.  Morton  Poole,  of 
Wilmington,  Delaware.  In  1845  he  took  charge  of  the  large 
machine  shop  of  Messrs.  Fairbanks,  Bancroft  and  Co.,  in  Providence, 
E.I.  Two  years  later  he  went  to  West  Philadelphia,  and  began 
a  similar  department  of  manufacture  on  his  own  account,  and 
subsequently  joined  in  partnership  one  of  his  former  employers, 
Mr.  Edward  Bancroft,  the  firm  becoming  Bancroft  and  Sellers. 
Later,  Mr.  John  Sellers,  Jun.,  was  admitted  as  a  partner,  and  the 
firm  moved  to  new  works  in  Philadelphia.  On  the  death  of  Mr. 
Bancroft  in  1856,  the  firm  became  Messrs.  William  Sellers  and  Co., 
subsequently  being  incorporated  in  1886.  In  1868  he  formed  the 
Edgmoor  Iron  Co.,  of  which  he  was  the  President.  This  company 
furnished  all  the  iron  structural  material  for  the  Centennial 
Exhibition  Buildings  in  Philadelphia  in  1876,  and  also  that  for 
the  Brooklyn  Bridge.  In  1873  he  became  President  of  the 
Midvale  Steel  Co.,  Nicetown,  Philadelphia,  which  he  subsequently 
re-organized,  and  under  his  management  became  the  first  successful 
producer  of  material  required  by  the  Government  for  its  steel  cannon. 
The  development  of  the  business  of  the  Edgmoor  Iron  Co.  turned 
his  inventive  ability  in  new  directions,  and  a  long  series  of 
mechanical  devices  was  evolved  to  meet  the  changing  requirements 
of  that  business.  The  works  were  first  started  to  make  wrought- 
iron  by  mechanical  puddling  machinery  of  a  new  type,  were 
subsequently  changed  to  a  bridge  shop,  and  later  a  department 
was  created  for  the  manufacture  of  boilers  of  various  kinds. 

As  illustrating  his  mechanical  ingenuity,  it  may  be  noted  that 
he  was  granted  about  ninety  patents  in  the  United  States,  either 
alone  or  in  conjunction  with  others  ;  the  earliest  was  dated  1857, 
and  patents  were  pending  at  the  time  of  his  death.  His  inventions 
covered  a  great  variety  of  subjects — machine  tools,  injectors,  rifling 
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machine,  riveters,  boilers,  hydraulic   machinery  of  various   kinds, 
furnaces,   hoists,   cranes,   steam-hammers,  steam-engines,  ordnance, 
pumps,  etc.      Probably  the  best   known   of  his   inventions   is  the 
spiral  gear   planer  drive,  in  which    the   table  or  platten  is  moved 
back    and    forth    by   a   multi- thread   screw   on    an   inclined   shaft 
engaging  with   a   rack  on  the  under  surface  of  the  table.     Of  his 
individual    achievements    Mr.    Sellers'    name    is    best    known    in 
connection  with   the   Sellers  system  of  screw  threads  and   nuts,* 
which  eventually  became   the  standard  for  the  United  States.     A 
similar   effort   towards   standardization   had   been  previously  made 
by  Sir  Joseph  Whitworth,  whose  work  no  doubt  inspired  that  ol 
Mr.  Sellers.     During  a  visit  to  England  in  1860,  his  attention  was 
called  by  Messrs.  Sharp,  Stewart  and   Co.,  of  Manchester,  to   the 
Giffard  Injector  for  feeding  steam-boilers.     His  immediate  estimate 
of  the  value  of  the  invention  led   him   to   obtain  from  them  the 
American   rights   of  the  patent;  and   a  Paper f  was  read  by   Mr. 
John    Eobinson    in    1866,   describing    the    improvements    in    the 
injector  made  by  Mr.  Sellers  to  obviate  the  necessity  of  adjusting 
by    hand    the   quantity   of    water   supplied   to   the   injector.      He 
became  a  Member  of  this  Institution  in    1865 ;   he  was  a  Member 
of  the  Iron  and   Steel   Institute,  a  corresponding   member  of  the 
Societe   d'Encouragement   pour    I'ludustrie   Nationale,   and   at   the 
close  of  the  Paris  Exhibition  of  1889  he  received  the  decoration  of 
Chevalier  of  the  Legion  of  Honour.     In  addition  to  the  foregoing 
he  was  a  Member  of  the  American  Society  of  Civil  Engineers,  the 
American  Society  of  Mechanical   Engineers,  and  a  Past-President 
of  the  Franklin  Institute.     His  death  took  place  at  the  University 
Hospital  of  Philadelphia   on     24th    January    1905,  at   the   age   of 
eighty. 

William  Harry  Vernon  was  born  at  Leicester  on  3rd  August 
1854,  and  received  his  education  at  the  Great  Meeting  School  of 
that  town.     He  also  attended  science  classes  at  St.  Martin's  Sciiools, 


*  Journal,  Franklin  Institute,  1864,  Vol.  I,  page  344. 

t  Proceedings,  Institution  of  Mechanical  Engineers.  1866,  page  266. 
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Leicester,  and  at  the  Midland  Institute,  Birmingham.  He  served 
an  apprenticeship  from  1869  to  1874  in  the  works  of  Mr.  J.  T. 
Harrot,  engineer  and  machinist,  of  Leicester.  In  1876  he  entered 
the  works  of  Messrs.  E.  Green  and  Son,  of  Wakefield,  and  had 
charge  of  the  erection  of  fuel  economizers  in  the  Midlands  and  the 
South  of  England.  In  1884  he  commenced  to  represent  the  same 
firm  over  the  United  Kingdom,  with  the  exception  of  Lancashire  and 
London,  and  remained  in  that  capacity  until  his  death,  which  took 
place  at  his  residence  in  Wakefield,  from  pleurisy  on  24th  March 
1905,  in  his  fifty-first  year.  He  became  an  Associate  Member  of 
this  Institution  in  1896. 

Joseph  Weight  was  born  in  London  on  12th  October  1826.  His 
father  was  a  coach  builder  and  mail  contractor;  and  as  railways 
gradually  superseded  coaches,  he  transformed  his  business  into  that 
of  a  railway-carriage  builder.  The  factories  in  London  being  too 
small  for  the  purpose,  new  headquarters  were  made  at  Saltley 
Works,  Birmingham.  Mr.  Joseph  Wright,  Jun.,  entered  his 
father's  office  in  London,  and  subsequently  became  a  partner  in 
the  firm  of  Messrs.  Joseph  Wright  and  Sons,  Birmingham,  being 
associated  with  his  father  and  with  his  elder  brothers,  Henry  and 
Benjamin.  By  the  retirement  of  the  last  named  in  1859,  he  was 
left  sole  proprietor  of  the  business,  which  about  1862  became  the 
Metropolitan  Eailway  Carriage  and  Wagon  Co.,  on  the  board  of 
which  he  had  a  seat  for  some  time.  He  shortly  afterwards  moved 
to  London.  His  death  took  place  on  17th  April  1905,  in  his 
seventy-ninth  year.  He  became  a  Member  of  this  Institution  in 
1859. 
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Adams,  F.  R.  J.,  elected  Associate  INIember,  166. 

Adamsox,  D.,  Remarks  on  American  Worksliops,  15  :— on   American  Planing 

Machines,  6i : — Moved  appointment  of  Auditor,  140. 
Address  by  the  President,  E.  P.  Martin,  345. — Improvements  in  manufacture 
of  iron  and  steel :  Trevithick's  locomotive  in  South  Wales  in  1801,  345. — 
Navigation  coal  for  old  and  new  Dowlais  Works,  346. — Increasing 
imports  of  iron  ore,  346  ;  utilization  of  inferior  ores  ;  world's  production 
of  pig-iron,  347. — Cheap  ores  and  cheap  transport  necessary  ;  rapidity  of 
handling  freights  in  America,  348. — First  use  of  coke  in  blast-furnace, 
349. —Early  blast-furnace  practice,  350;  Gayley's  dry-air  blast  process; 
steam-turbines  for  blast-engines,  351. — Captain  Jones's  process  for  mixing 
and  desulphurizing  molten  pig-iron,  352.— Puddling ;  Henry  Cort's 
invention,  352 ;  cast-iron  bottom  for  puddling,  353  ;  durability  of  steel 
rails,  353 ;  Bessemer's  inventions,  354 ;  early  wrought-iron  rails ;  analysis, 
855.— Big  Mill  engine  at  Dowlais;  Siemens  process  and  Thomas  and 
Gilchrist  process,  356. — Talbot  continuous  steel  process;  improvements 
effected  in  rolling  mills,  357;  rolls  driven  by  motors  actuated  by  gas- 
engines,  358.— Plate  mills,  358 ;  large  size  of  ingots,  359.— Hydraulic 
forging,  360. — Immense  requirements  of  America,  361. 

Maw,  W.  H.,  Thanks  for  Address;  Jubilee  of  Bessemer's  invention; 
cost  of  early  steel  rails,  362.— Wicksteed,  J.  H.,  Seconded  motion  ;  Cort's 
invention  and  its  recognition,  363. — Martin,  E.  P.,  Acknowledgment  of 
vote  of  thanks,  363. 

Adet,  J.  A.,  elected  Member,  165. 

Alexander,  H.  M.,  elected  Graduate,  340. 

Allen,  T.  F.,  elected  Associate  Slember,  3. 

Ambler,  R.  V.,  Associate  INIember  transferred  to  Member,  168. 

American  Planing  Machines,  Paper  on  Some  features  in  the  Design  and 
Construction  of  American  Planing  Machines,  by  A.  Kenrick,  Jun.,  57.— 
High  price  for  labour  necessitates  specialization  and  standard  patterns, 
57. — Planers   made   of  thin  metal;    general  construction   of  machines; 
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different  methods  of  driving,  TiS ;  belts ;  speed-changing  device,  59 ; 
smooth  running  of  machines  ;  friction  clutches  in  driving  instead  of  belt 
striking  gear,  60;  high  rate  of  speed  on  return  stroke,  61. — Speed- 
changing  device  with  guide-pulleys,  61 ;  raising  of  cross-slide,  62. 

Discussion. — Wicksteed,  J.  H.,  Thanks  to  author,  62. — Pendred,  L., 
Reversing  gears :  pneumatic,  magnetic,  and  electric,  62 ;  change-speed 
gears,  64. — Adamson,  D.,  Slowness  of  electric  reversing-gear,  64. — 
Simpson,  C.  L.,  Gray  planing  machine,  64;  advantage  of  driving  by 
worm  gear,  65. — Kenrick,  A.,  Methods  of  reversing,  65. — Scott,  E.  K., 
Electric  speed-changing  methods,  66. — Kenrick,  E.  K.,  Variation  of 
motor  speed  instead  of  using  intermediate  gear,  67. 
American  Power-Station  Engines,  Paper  on  Engines  at  the  Power-Stations, 
and  at  the  St.  Louis  Exhibition,  by  A.  Saxon,  69. — Manhattan  and 
Interborough  Rapid  Transit  Power-Houses,  69. — Guarantees  of  power, 
69  ;  dimensions  of  engines,  70. — Wear  in  bearings,  71. — Cro.is  section  and 
plan  of  Interborough  power-house,  72-73 ;  arrangement  of  engines  of 
ditto,  74. — Engines  at  St.  Louis  Exhibition,  75. — Combined  horizontal 
and  vertical  "  Manhattan  "  engine,  77. 

Discussion. — "Wicksteed,  J.  H.,  Thanks  for  Paper,  78. — Robinson,  M., 
Variation  of  torque,  78 ;  provision  for  overload  :  wear  of  bearings,  79. — 
Pendred,  V.,  Combination  of  vertical  and  lioriznntal  cylinders,  79. — 
Saxon,  A.,  Natural  degree,  79;  overlosid ;  "McNaughting,"  80;  wear  of 
crank-shaft  bearings,  81. — Wicksteed,  J.  H.,  Experimental  engine  at 
McGill  University,  81. — Halpin,  D.,  Description  of  same  engine,  82. — 
Simpson,  C.  L.,  Combined  vertical  and  horizontal  cylinders  at  Barnet 
Water  Works,  82. — Kennedy,  A.  B.  W.,  Early  marine  combined  engines, 
83. — Molyneux,  J.,  Economy  of  same  engines,  83. — Saxon,  A.,  Rated 
power  of  engines  compared  with  London  County  Council  engines,  84. — 
Schonheyder,  W.,  Ratio  of  high  and  low  pressure  of  cylinders,  88. — 
Saxon,  A.,  Economical  type  of  engines,  88. 
American  Pumping  Engines,  Paper  by  J.  Barr,  21. — List  of  Pumping  Stations 
described,  21.— Deductions  of  observations,  21. — Schenectady,  22. — 
Cincinnati,  24.— Philadelphia,  25.— Pittsburg,  26 ;  adjustment  of  crank- 
pin,  27. — Chicago,  28. — St.  Louis,  29.— Desmoines,  32.— Minneapolis,  33. 
—Winnipeg,  33.— Toronto,  35.— London  (Ontario),  36.— Boston,  36.— 
Duty  of  engines,  37. 

Discussion. — Wicksteed,  J.  H.,  Thanks  for  Paper,  37. — ^larks,  E.  C.  R., 
Duty  of  engines  at  St.  Louis  Exhibition,  38;  Riedler  pump,  39. — 
Morris,  E.  L.,  Comparative  merit  of  Cornish  and  rotatory  engines ; 
economical  working  of  overhead  triple-expansion  pumping  engines,  40 ; 
results  of  trials,  41  ;  arrangement  of  engine,  42  ;  pump  rams,  43  ;  engine 
at  Hornsey  pumping  station,  45. — Meysey-Thompson,  A.  H.,  Position  of 
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poppet  valve ;  air-vessel  on  top  of  delivery  valve,  46  ;  adjustment  of  end 
■  of  centre  crank-pin  :  duties  of  engines,  47. — Simpson,  C.  L.,  Employment 
of  air-vessels  and  suction  air-vessels :  arrangement  of  adjufetable  crank- 
pin  ;  sub-stations  of  Chicago  Water  Works,  48  ;  high-duty  Worthington 
engines,  49.— Barr,  J..  Reliability  of  figures  given,  50;  duty  of  Boston 
pumping-engine,  ol ;  reheaters ;  position  of  poppet-valves,  52 ;  suction 
air-vessels;  crank-pin  adjustment,  53. — Rutter,  H.  F.,  Possible 
improvement  in  triple-expansion  inverted  cylinder  engine,  53 ;  reheaters ; 
steam-consumption  tests,  54.  —  Schonheyder,  W.,  Arrangements  for 
working  the  suction  under  pressure;  spring-loaded  valves,  55. — Barr,  J., 
Position  of  air  and  feed  pumps ;  arrangement  for^working  the  suction 
water,  55 ;  sketch  of  pump  valve,  56. 

American  Visit,  Paper  by  C.  Wicksteed,  97.— Americans  excel  in  method, 
enterprise,  self-reliance,  and  rapid  production,  97. — Development  of 
railways  and  towns ;  subdivision  of  labour ;  personal  service  inefficient 
98 ;  light  construction  of  machines  causes  "  scrapping " ;  eflfects  of 
Protection,  99.— Advantages  and  disadvantages  of  American  methods, 
101. 

American    Woodworking    Machinery,    Paper    by    W.    8.    Bott,    89.— Light 

construction ;    white    metal   bearings ;    size    of    driving   pulleys,   89. 

Section  of  sand-papering  machine,  90 ;  rip  saw ;  planing  machine  with 
top-feed  rollers,  92;  cooperage  machinery,  93.— Fay  and  Egan's 
Cincinnati  Works,  94. 

American  Workshops,  Paper  by  A.  J.  Gimson,  7.— Variety  of  Works  visited  ; 
comparison    with    those    in     England,    7.— Close    connection    between 

technical  institutes  and   workshops ;    care  taken  in  savino-  time    8. 

Methods  of  design,  9. 

-DiscMss/o?i.— Wicksteed,  J.  H.,  Thanks  for  Paper,  10.— Robinson,  M., 
Methods  of  organization  for  saving  time,  10.— Bott,  W.  S.,  American 
superiority  due  to  better  organization ;  knowledge  of  time  expended  by 
various  machines,  11.— Wicksteed,  C,  Quality  of  work  performed  by 
Americans  and  British,  12;  comparison  of  workshops,  13;  satisfactory 
nature  of  British  progress;  want  of  method  in  England,  14.— Adamson, 
D.,  Explanation  of  different  commercial  conditions,  15  ;  close  connection 
between  Universities  and  workshops ;  premium  system  and  Trades  Unions 
16 ;  difiBculties  encountered  by  manufacturers,  17. — Schonhevder,  W. 
Great  diflScuIty  in  modifying  old-fashioned  methods,  IS.— Gimson,  A.  J., 
Necessity  for  workshop  experience  and  specialization,  19. 

Andreadis,  a.  I.,  elected  Graduate,  340. 

Annual  General  Meeting,  1905,  Business,  103. 

Annual  Report  of  Council,  105.    See  Council,  Annual  Report. 

Anstey,  Eng.-Lt.  H.  C,  elected  Member,  3. 
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April  Meeting,  Business,  339. 

Armistead,  T.  W.,  Associate  Member  transferred  to  IMember,  168. 

Armstrong,  A.  R.  B.,  elected  Graduate,  4. 

AsKHAM,  P.  U.,  Memoir,  375. 

Atherton,  W.  H.,  Associate  Member  transferred  to  Member,  4. 

Atkins,  H.  F.,  elected  Associate  Member,  16G. 

Atkinson,  C.  J.,  elected  Associate  Member,  3. 

Auditor,  Appointment,  140. 

Bagnall-Wild,  Capt  R.  K.,  elected  Member,  16o. 

Bale,  J.  H.  F.,  Associate  Member  transferred  to  Member,  168. 

Ball,  Sir  R.  S.,  Remarks  at  Institution  Dinner,  344. 

Barber,  G.  A.,  elected  Associate  Member,  lCi6. 

Barr,  J.,  Paper  on  Waterworks  Pumping  Engines  in  the  United  States  and 

Canada,  21. — Remarks  thereon,  50,  55. 
Bathe,  C.  D.  D.,  elected  Graduate,  167. 
Beck,  A.  E.,  elected  Member,  339. 
Bennett,  A.  T.,  elected  Associate  Member,  3. 
BxLLiNTON,  R.  J.,  Memoir,  149. 
Blake,  A.  W.,  elected  Associate  Member,  339. 
Blakey.  R.  G.,  elected  ^Member,  3. 
BoTT.  W.  S.,  Remarks  on  American  Workshops.  11. — Paper  on  Some  Notes  on 

American  Woodworking  Machinery,  89. 
BouLTON,  C.  v.,  elected  Associate  Member,  3. 
Brewer,  E.  G.,  seconded  appointment  of  Auditor,  140. 
Brogden,  T.,  Memoir,  375. 

Brooks,  J.  F.,  Paper  on  Photographs  of  Cutting-Tools  in  action,  3G5. 
Buckley,  P.,  elected  Associate  Member,  166. 
BucKTON,  E.  J.,  elected  Graduate,  167. 

BuRSTALL,  F.  W.,  Remarks  on  Steam-Engine  Research,  284,  287. 
Butterworth.  J.,  elected  Graduate,  167. 

Cabena,  R.  H.,  elected  Associate  Member,  166.— Remarks  on   Steam-Engine 

Research,  294. 
Capper,  D.  S.,  First  Reiwrt  to  the  Steam-Engine  Research  Committee,  171. — 

Remarks  thereon,  287,  294,  316,  317,  335. 
Carnegie,  W.,  Associate  Member  transferred  to  Member,  4. 
Cassels,  F.  L.,  elected  Graduate,  340. 
Casson,  R.,  elected  Associate  Member,  339. 
Chad-wick,  G.  H.,  elected  Graduate,  167. 
Church,  H.  J.,  elected  Graduate,  4. 
Churchward,  G.  J.,  elected  Member  of  Council,  134. 
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Clacher,  T.,  elected  Associate  INIember,  :;.  . 

Clench,  E.  C.  S..  elected  Graduate.  167. 

Cole,  T.  S.,  elected  Graduate,  340. 

Conversazione.  364. 

CooKSLEY,  A.,  elected  Associate  Member,  3. 

Cooper,  E  ,  elected  Member,  339. 

Cooper,  T.,  Associate  ■Member  transferred  to  ^Member,  168. 

CoRNWELL,  W.  D.,  elected  Graduate,  340. 

Council,  Annual  Keport,  105. — Decease  of  Duke  of  Cambridge,  105. — Honours, 
105. — Xumber  of  Members.  &c.,  105. — Abbreviated  titles  of  membership, 
106.— Deceases,  106.— Financial  statement.  107,  114-118.— Kesearch.  108. 
— Donations  to  Library  and  Museum,  109,  118-132. — American  Summer 
Meeting,  110. — Meetings,  Papers,  110. — Graduates'  Meetings  and  Papers, 
111.— Summer  Meeting,  1905,  112. 

Wicksteed,  J.  H.,  ^lotion  for  adoption  of  Keport,  133. — Martin,  E.  P.. 
Seconded  motion,  133. 

Council  for  1905, 134. 

Council,  Retiring  List,  and  Xominations  for  190r),  1. — Election,  133. 

OouTTs,  D.  A.,  elected  Associate  Member,  339. 

CowLRiCK,  F.  G.,  elected  Associate  Member,  3. 

Craig,  A.,  Associate  Member  transferred  to  Member,  168. 

Croll,  J.,  elected  Associate  Member,  166. 

Cutting-Tools  in  action,  Photographs  of.  Paper  by  J.  F.  Brooks,  365. — Cutting 
angles  and  depth  of  cut ;  metals  experimented  with,  365. — Method  of 
arranging  microscope  and  camera,  365. — Object  of  taking  photographs ; 
distinct  characteristics  of  each  material,  366 ;  removal  of  shaving  varies 
with  each  bar.  367. — Quality  of  material  operated  on.  367. 

Davey,  H.,  re-elected  Member  of  Council.  134. — Remarks  on  Steam-Engine 
Research,  297. 

Davidson,  B.  M.,  elected  Associate  Member,  166. 

DA\^s,  A.  H.,  Memoir,  376. 

Dean,  W.,  re-elected  Member  of  Council,  134. 

Deformation  in  Metals,  Paper  on  Sonae  Phenomena  of  Permanent  Deformation 
in  Metals,  by  G.  H.  Gulliver,  141. — "  Liider's  lines"  of  deformation; 
description  of  test  bars ;  growth  of  deformation  lines,  141 ;  removal  of 
scale  ;  "  strain  wave,"  142 ;  "  contractile  cross  "  at  breaking  point,  142. — 
Inclination  of  fracture  in  a  ductile  metal,  144. — Variation  in  character  of 
process  of  slipping,  145. — Fracture  commences  at  middle  of  bar,  146  ; 
yield-point  lines,  147. 

Dell,  F.  A.  B.,  elected  Associate  Member,  3. 

Dimmack,  a.,  elected  Associate  ^lember,  166. 

2    E 
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Dinner,  Anniversary,  342. 

DuxcAK,  W..  Associate  ^lember  transferred  to  Member.  103. 

Edwabds,  C.  C,  elected  Graduate,  4. 
Eggers,  H.  F.  C,  elected  Associate  Member,  166. 
Election,  Council,  133. — Members,  3,  165,  339. 

Engine,  Ten-wheels-coupled  Tank-Engine,  369.    -See  Ten-wheels-coupled  Tank- 
Engine. 
Engines  at  American  Power-Stations,  69.     See  American  Power-Station  Engines. 
Engines,  Pumping',  in  America,  21.     See  American  Pumping  Engines. 
English,  K.,  elected  Associate  Member,  3. 
Evans,  W.,  elected  Associate  Member,  340. 

Fawkes,  R.  E.  F.,  elected  Associate  Member,  166. 

Ferguson,  R.  M.,  elected  Associate  Member,  166. 

Finnte,  W.,  Associate  IMember  transferred  to  Member,  341. 

Fletcher,  A.,  elected  Associate  Member,  166. 

Fletcher,  F.  P.,  elected  Associate  Member,  3. 

Forward,  E.  A.,  Remarks  on  Steam-Engine  Kesearcb,  324. 

Foster,  E.,  elected  Associate  Member,  166. 

Frank,  R.  A.,  elected  Graduate,  340. 

Fulton,  N.  O.,  elected  Associate  Member,  166. 

GiBB,  M.  S.,  elected  Associate  Member,  340. 

GiMSON,  A.  J.,  Paper  on  Some  Impressions  of  American  Workshops,  7. — Remarks 

thereon,  19. 
Goodier,  H.,  elected  Associate  Member,  160. 
Goodwin,  R.,  elected  Associate  Member,  106. 
Goulty,  W.  R..  Memoir,  149. 
GowER,  W.  E.,  elected  Associate  Member,  340. 
Graham,  T.,  elected  Associate  Member,  340. 
Gray,  J.,  elected  Associate  Member,  3. 
Green,  F.  W.,  elected  Associate  Member,  3. 
Grew,  F.,  Memoir,  376. 
Gulliver,  G.  H.,  Paper  on  Some  Phenomena  of  Permanent  Deformation  in 

Metals,  141. 

Halpin,  D.,   Remarks  on  American  Power-Station  Engines,  82: — on  Steam- 
Engine  Research,  267,  308. 
Hamblin,  H.  J.,  elected  Associate  Member,  3. 
Harris,  H.  G.,  re-elected  Member  of  Council,  134, 
Harbison,  R.,  elected  Associate  Member,  3. 
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Hawkixs,  T.  W.,  elected  Member,  :)39. 

Hay,  J.  A.,  elected  Associiite  ^Member,  1615, 

Hearn,  E.  W.,  elected  Graduate,  o-iO. 

Heatox,  W.  H.,  elected  Associate  Member,  166. 

Hewitt,  A.  E.,  elected  Associate  Member,  166. 

IIiGGLN'S,  E.  P.,  elected  Associate  Member,  166. 

HiLLHousE,  J.  P.,  elected  Graduate,  4. 

HiKD,  R.  T.,  elected  Associate  ^Member,  o40. 

Hogg,  J.   T.,   Paper  on  a  Ten-wheels-coupled    Tauk-Eugiue    on    tlie    Natal 

Government  Railways,  369. 
HoLLiDAT,  C.  E.,  elected  Associate  ^lember,  3. 
HoLLixGSwoKTH,  F.,  elected  Graduate,  340. 
HoLLis,  S.  A,,  ]\[emoir,  150. 
HoLKOTDE,  G.  E.,  elected  Associate  Member,  3. 
HOMAN,  A.  K.,  elected  Graduate,  167. 
HoRSLEY,  C,  Memoir,  151. 
HoRTON,  E.,  Memoir,  377. 

HuDi.ASS,  F.  W.  I.,  elected  Associate  Member,  3. 
Humphries,  A.,  elected  Associate  Member,  340. 
Hunter,  J.  W.,  elected  Associate  Member,  3. 
Hunton,  W.,  elected  Associate  Member,  166. 
Hutchisox,  p.,  elected  Associate  Member,  166. 

Ibbotsom,  W.  F.,  elected  Associate  Member,  34U. 
Ince,  R.  S.,  elected  Associate  ^Member,  3. 
Institution  Dinner,  342. 

Jackson,  G.  J.,  elected  Graduate,  340. 

January  Meeting,  1905,  Business,  1. 

Jenkins,  E.  J.,  elected  Associate  Member,  166. 

Johnson,  F.  D.,  elected  Member,  339. 

Jones,  A.  D.,  Associate  Member  transferred  to  Member,  341. 

JoPLixG,  A.,  elected  Graduate,  4. 

Keay,  J.  A.,  elected  Member,  165. 

Keen,  A.,  re-elected  Vice-President,  133. 

Keevill,  R.  G.,  elected  Associate  Member,  340. 

Kennedy,  Dr.  A.  B.  W.,  Remarks  on  American  Power-Station  Engines,  83. — 

Moved  vote  of  thanks  to  retiring  President,  136. 
Kennedy,  J.,  Portrait.    See  Frontispiece  to  Part  1,  1905. 
Kennedy,  J.  A.,  elected  Associate  Member,  166. 
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Kexrick,  a.,  Jun".,  Paper  on  Some  features  in  the  Design  and  Construction  of 

American  Planing  Macliines,  57. — Remarks  thereon,  (J5,  67. 
Kersey,  A.  T.  J.,  Remarks  on  Steam-Engine  Eesearch,  324. 
KixiXMONTH,  C.  p.,  elected  Graduate,  167. 
Knowles,  G.  J.  F.,  elected  Associate  Member,  1(J6. 
Knox,  R.,  elected  Associate  3Iember,  340. 

Lacey,  0.  B.,  elected  Graduate,  341. 

Lane,  H.  J.,  elected  Graduate,  167. 

Larkix,  L.,  elected  Graduate,  167. 

IjAwrexce,  31.  R.,  elected  3Iember,  3. 

Lawiue,  p.  S..  elected  Member,  16."). 

Laws,  W.  G.,  Memoir,  151. 

Lawson,  F.  M.,  elected  Associate  Member,  340. 

F>EE.  H.  P.,  elected  Associate  Member,  166. 

Leslie,  B.,  elected  Member,  339. 

L'EsTRANGE.  A.  H.  C,  elected  Member,  lO.j. 

Lewis,  Sir  W.  T.,  Bart.,  elected  Vice-President,  133. 

Locomotive,  Ten-wheels-coupled,  369.    See  Ten-wbeels-coupled  Tank-Engine. 

LoxGRiDGE,  M.,  Remarks  on  Steam-Engine  Research,  263,  314. 

I.ONGwouTii,  A.  E.,  elected  Associate  3Iember,  166. 

."Mail,  J.  S.,  elected  Graduate,  311. 

^Ialcolm,  G.  W.,  elected  Associate  Member,  3. 

Mallett,  a.  H.,  elected  Graduate,  167. 

Maxfield,  W.  G.,  elected  Graduate,  4. 

Manxers,  H.  B.,  elected  Graduate,  341. 

March.  H.  G.,  elected  Associate  Member.  340. 

March  Meetings,  Business,  165,  169. 

Marks,  E.  C.  R.,  Remarks  on  American  Pumping  Engines,  38. 

Mark,  "W.  K.,  elected  Associate  Member.  340. 

Marshall,  F.  T.,  Memoir,  153. 

Martin,  E.  P.,  Seconded  adoption  of  Annual  Report,  133. — Elected  President, 
133. — Remarks  on  election  as  President,  136 : — on  vote  of  thanks  to 
retiring  President,  138:— on  Steam-Engine  Research,  259,  267,  324.— 
Presidential  Address,  345. — Acknowledgment  of  vote  of  thanks,  363. 

^[artin,  E.  p..  Portrait.     See  Frontispiece  to  Part  2.  1905,  preceding  page  165. 

Marty,  F.,  elected  Associate  3Iember,  16f;. 

Maryon,  a.  T.,  elected  Associate  Member,  166. 

Masox,  F.  B.,  elected  Associate  Member,  166. 

Masox',  W.,  Remarks  on  Steam-Engine  Research,  328. 
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Maw,  W.  H.,  Seconded  vote  of  thanks  to  retiring  President,  137. — Remarks  on 
Steam-Engine  Research,  267 :— on  President's  Address,  362. 

May,  H.  N.,  elected  Associate  Member,  3. 

McCooL,  J.  W.,  elected  Associate  Member,  166. 

McDonald,  N.,  elected  Graduate,  4. 

McLachlan,  J.,  elected  Associate  Member,  340. 

McLean,  R.  A.,  re-appointed  to  audit  Institution  accounts,  140. 

Meek,  J.,  elected  Member,  165. 

Meetings,  1905,  January,  1. — Annual  General,  103. — March,  165,  169. — 
April,  339. 

Megibian,  J.  J.,  elected  Graduate,  341. 

Mellanby,  a.  L.,  Remarks  on  Steam-Engine  Research,  289. 

Memoirs  of  Members  recently  deceased,  149,  375. 

Merrall,  C.  E.,  elected  Associate  Member,  166. 

Metals,  Permanent  Deformation  in,  141.     See  Deformation  in  Metals. 

Meysey-Thompson,  a.  H.,  Remarks  on  American  Pumping  Engines,  46. 

Michelmore,  a.  J.,  elected  Graduate,  341. 

Mitchell,  E.  A.,  elected  Associate  Member,  166. 

Moffat,  W.  G.,  elected  Associate  Member,  166. 

MoGG,  H.  H.,  Graduate  transferred  to  Associate  Member,  103. 

MOLESWORTH,  W.  H.,  elected  INIember,  339. 

MoLYNEUX,  J.,  Remarks  on  American  Power-Station  Engines,  S3. 

Money-Kent,  J.  M.  V.,  elected  Member,  3. 

Morris,  E.  L.,  Remarks  on  American  Pumping  Engines,  40  :— on  Steam-Engine 
Research,  329. 

Morrison,  G.  J.,  Memoir,  154. 

MowLL,  H.  H.  S.,  elected  Graduate,  167. 

Murray,  G.  W.,  elected  Associate  Member,  167. 

Myers,  A.  C.  T.,  elected  Graduate,  167. 

Myers-Beswick,  W.  B.,  Blemoir,  156. 

Nasmith,  J.,  Memoir,  157. 

Natal  Government  Railways  Ten-wheels-coupled  Tank-Engine,  369.      See 

Ten-wheels-coupled  Tank- Engine. 
Newman,  A.  D.,  elected  Associate  Member,  167. 
NiBLOCK,  F.,  elected  Member,  339. 

NicoLSON,  J.  T.,  Remarks  on  Steam-Engine  Research,  330. 
NoRRiSH,  H.  R.  B.,  elected  Graduate,  4. 

O'Neil,  R.  S.,  elected  Associate  Member,  340. 
Oswald,  R.,  Memoir,  158. 

2  E  2 
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Peacock,  F..  Memoir,  159. 

Pendred,  L.,  Kemarks  on  American  Planing  Machines,  62. 

Pendred,  v.,  Eemaiks  on  American  Power-Stution  Engines,  79 : — on  Steam- 

Engine  Kesearch,  280. 
Phillips,  Lieut.  F.  H.,  elected  Associate  Member,  167. 
Piercy,  G.  F.,  elected  Associate  Member,  167. 
PiRRiE,  Kt.  Hon.  W.  J.,  re-elected  3Iember  of  Council,  lo4. 
Planing  Machines,  American,  57.     See  American  Planing  Macbincs. 
Porter.  E.  C,  elected  ^Vssociate  ^Member,  3. 
Portrait  of  J.  Kennedy.     See  Frontispiece  to  Part  1,  1905. 
Portrait  of   E.   P.   Martin.     See  Frontispiece  to   Part   2,   1905,  preceding 

page  165. 
Powell,  C.  K.,  elected  Graduate,  311. 

Power-Station  Engines,  American,  69.     See  American  Power-Station  Engines. 
Pratten,  F.  E.,  elected  Member,  165. 
President's  Address,  345.     See  Address  by  the  President. 
Pumping  Engines  in  America,  21.    See  American  Pumping  Engines. 

Eansome,  J.  E.,  Memoir,  160. 

Ratcliff,  W.,  elected  Associate  Member,  167. 

Eawlins,  J.  E.,  elected  Associate  Member,  167. 

Eeid,  J.  A.,  elected  Associate  ^Member,  3. 

Eeport  of  CoiNCiL,  Annual,  105.    See  Council,  Annual  Eejwrt. 

Eeseakch,  Steam-Engine,  171.     See  Steam-Engine  Eesearch. 

EiCHARDSON,  C.  E.,  elected  Member,  3. 

EiCHARDSON,  Sir  T.,  re-elected  Member  of  Council,  134. 

Eoberts,  H.  J.,  elected  Associate  Member,  167. 

Egberts,  W.,  Memoir,  161. 

EoBERTSON,  W.  D.,  elected  Associate  Member,  3. 

EoBiNsoN,  I.  v.,  elected  Associate  Member,  4. 

EoBiNSON,  M.  H.,  Eemarks  on  American  Workshops,  10  : — on  American  Power- 
Station  Engines,  78. — Ee-elected  Member  of  Council,  134. — Eemarks  on 
Steam-Engine  Eesearch,  307. 

EosE,  W.  A.,  elected  Graduate,  341. 

EusHTON,  J.  L.,  Associate  Member  transferred  to  Member,  168. 

EuTTER,  H.  F.,  Eemarks  on  American  Pumping  Engines,  53. 

Samuelson,  Et.  Hon.  Sir  B.,  Bart.,  Memoir,  378. 

Sankey,  Capt.  H.  E.,  Eemarks  on  Steam-Engine  Research,  260,266,  275. 
Saxon,  A.,  Paper  on  Engines  at  the   Power-Stations,   and   at  the  St.  Louis 
Exhibition,  69. — Eemarks  thereon,  79,  84,  88. 
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ScHONHEYDER,  W.,  Remarks  en  American  Workshops,  18 : — on  American 
Pumping  Engines,  55 : — on  American  Power-Station  Engines,  88. 

Scott,  E.  K.,  Piemarks  on  American  Planing  Machines,  66. — Elected  Member,  339. 

Seguxdo,  E.  C.  de.  Remarks  on  Steam-Engine  Research,  265,  266. 

Sellers,  W.,  Memoir,  381. 

Seymour,  H.  W.,  elected  Associate  Member,  340. 

Seymour,  J.  H.,  elected  Associate  Member,  i. 

Sharp,  R.,  elected  Member,  339. 

Sharp,  R.  G.,  elected  Member,  165. 

Shave,  G.  J.,  elected  Associate  Member,  340. 

Shaw,  C.  il.,  elected  Associate  Member,  340. 

Shorthouse,  B.,  elected  Associate  Member,  4. 

SiLLAR,  A.  R.,  elected  Associate  Member,  167. 

Sdims,  C.  E.,  elected  Associate  Member,  340. 

SiMPsOX,  C.  L.,  Remarks  on  American  Pumping  Engines,  48 : — on  American 
Planing  Machines,  64 : — on  American  Power-Station  Engines,  82. 

SiBRi,  Lt.-Comm.  M.,  Associate  Member  transferred  to  Member,  4. 

Setdjiobe,  T.  E.,  elected  Graduate,  341. 

Smith,  G.  A.,  elected  Associate  Member,  167. 

Smith,  H.,  elected  Associate  Member,  167. 

Smith,  L.  W.,  elected  Associate  Member,  167. 

Smith,  M.  S.,  elected  Associate  Member,  167. 

Smith,  R.  T.,  Remarks  on  Steam-Engine  Research,  30(J. 

Smith,  R.  V.,  elected  Associate  Member,  340. 

Snow,  W.  R.,  elected  Associate  Member,  340. 

Spicer,  F.  L.,  elected  Associate  Member,  4. 

Stalbridge,  Rt.  Hon.  Lord,  Remarks  at  Institution  Dinner,  343. 

Stanier,  J.  H.,  elected  Graduate,  167. 

Steam-Exgine  Research,  First  Report  to  the  Steam-Engine  Research 
Committee,  by  D.  S.  Capper,  171. — Origin  of  Committee,  171.  — 
Description  of  experimental  engine  at  King's  College,  London,  172  ; 
cylinder  jackets  and  clearance  volumes,  172. — Boiler,  condenser,  173. — 
Scheme  of  experiments,  173. — Preliminary  trials,  173. — ^Arrangement  of 
plant ;  lagging  of  pipe ;  measurement  of  water  in  separator,  174. — 
Exhaust,  175 ;  position  of  thermometers  and  indicators,  176. — Method 
of  conducting  trials,  176. — Explanation  of  Tables,  177. — Method  of 
working  out  results,  178 ;  negative  areas  in  diagrams,  179. — Saturation 
curve,  179. — Mean  indicator  diagrams,  180-189. — Thermal  units  used  per 
H.P.  minute,  190. — Standard  of  comparison :  RanMne  engine  working 
between  extreme  limits  of  temperature,  190.  —  Temperature  entropy 
diagrams,  192  -  207.  —  Leakage  through  slide-valve,  191  ;  during 
admission,  208 ;  during  expansion,  208. — Method  of  making  steam-tight 
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joint,  209. — Pressures  &c.  during  meaBurements  of  leakage  past  slide- 
valve  with  steam-porta  blocked,  210-211. — Curves  showing  slide-valve 
leakage  varying  with  pressure,  212. — Effects  of  warm  and  cold  cylinder 
upon  leakage,  212 ;  of  lubrication,  pressure,  and  wire-drawing  upon 
leakage,  213  ;  of  speed  upon  leakage,  214. — Analysis  of  leakage  and  method 
of  applying  correction,  21G. — Diagrams  showing  position  of  main  and 
expansion  slide-valves  at  nine  points  of  stroke,  217. — Probable  leaks 
through  slide-valves  during  working  stroke,  218  ;  probable  leakage  into 
exhaust  when  running  with  blocked  steam-ports,  219. — Percentage  of 
leakage  to  steam  passing  through  cylinders,  221. — Piston  leakage,  221. — 
Jacketed  trials :  analysis  of  results,  222  ;  indicator  diagrams  ;  expansion 
line,  223;  range  of  temperature,  224. — Unjacketed  trials:  reduction  of 
pressure  through  inlet  valve,  225  ;  range  of  temperature,  226  (Table,  227). 
— Comparison  of  jacketed  and  unjacketed  series,  226 ;  dryness-fractions, 
228. — Variation  of  dryness-fraction,  229-231.— Kcgenerative  action  of 
cylinder  walls:  (1)  condensation  during  admission,  233;  (2)  total 
condensation  during  admission,  236;  (3)  rate  of  interchange  of  heat 
between  steam  and  cylinder  walls,  237  (Table.  235) ;  (4)  re-evaporation 
during  expansion,  237;  (5)  influence  of  ratio  of  steam  in  jackets  to 
steam  thrcugh  cylinders  upon  condensation  and  re-evaporation.  238. — 
Temperature  entropy  diagrams,  239  ;  comparison  of  diagrams  of  jacketed 
and  unjacketed  trials,  241 ;  the  higher  the  admission  pressure  the 
larger  is  weight  of  steam  admitted  per  square  foot  of  surface,  242. 
Diagrams  of  steam  consumption :  Willans  lines,  244 ;  pounds  of  steam 
per  hour,  247. — General  conclusions,  244 ;  leakage  through  slide-valve, 
246  ;  B.Th.Units  per  I.H.P.  per  minute,  248-249.— Results  of  jacketed 
trials,  252-253 ;  and  of  unjacketed  trials,  254-255. — Previous  progressive 
speed  and  pressure  trials  :  Peabody ;  Denton  and  Jacobus,  256 ;  "SVillans, 
257. — Main  dimensions  of  high-pressure  valves,  258. 

IHscussion  on  llth  March. — Martin,  E.  P.,  Constitution  of  Committee, 
259. — Sankey,  Capt.  H.  R.,  Temperature-entropy  chart ;  comparison  of 
actual  re-evaporation  with  theoretical  re-evaporation,  260. — Longridge,  M., 
Slide-valve  leakage,  263  ;  further  research  required,  264. — Willis,  R.  H., 
Theta-phi  diagram,  265. — Segundo,  E.  C.  de,  Calculation  of  efiiciency  of 
engine,  265. — Halpin,  D.,  Montreal  experimental  engine,  267. — Martin, 
E.  P.,  Further  discussion  required,  267. 

Discussion  on  31st  March. — Maw,  W.  H.,  Modification  of  original 
programme,  267 ;  valve-leakage ;  future  work  of  Committee,  268 ;  high 
percentage  of  leakage,  269  ;  effect  of  lubrication  on  leakage ;  amount  of 
steam  in  jackets,  270 ;  suggested  amalgamation  of  Committee  with 
Steam-Jacket  Committee,  271. — Stromeyer,  C.  E.,  Continuation  of  trials 
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CUTTING-TOOLS     IN    ACTION.  Plate  8. 

Tools  until   varying  Cutting  Angle  and  Depth  of  Cut.      x  6  diams. 
Clearance  7-5=.      C.A.  =  Cutting  Angle.     D.  of  C.  =  Depth  of  Cut. 
Cast-iron. 
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CUTTING-TOOLS     IN     ACTION  Plate  9. 

Tools  with   varying  Cutting  Angle  and  Depth  of  Cut.      x  6  d  in  ins. 
Clearance  7-5°.     C.A.  =  Cutting  Angle.     D.  of  C.  =  Depth  of  Cut. 
Cast-iron. 
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CUTTING-TOOLS     IN     ACTION.  Plate  10. 

Tools  with  varying  Cutting  Angle  and   DcptJi  of  Cut.      x  6  dianis. 

Clearance  7-5''.     C.A.  =  Cutting  Angle.     D.  of  C.  =  Depth  of  Cut. 

Mild  Steel. 
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CUTTING-TOOLS     IN     ACTION.  Plate  11. 

Tools  with   varying  Cnttiiis;  A)tgle  and   Depth   of  Cut.  x  6  diains. 

Clcanim-c  7-5^'.     C.A.  =  Cutting  Angle.     D.  of  C.  =  Depth  of  Cut. 
Mild  Steel. 

C.A.     70"  D.  ofC.     00125"  r.  A.  70"  D.  of  C.      O-O."?" 


C.  A. 


D.  of   C.     O-012.S"  C.A.     75°  U.of  C.      O-OS" 
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CUTTING-TOOLS    IN    ACTION.  Plate  12. 

Tools  with   varying  Cutting  Angle  and   Depth  of  Cut.  x  6  diams. 

Clearance  7-5°.     C.A.  =  Cutting  Angle.     D.  of  C.  =  Depth  of  Cut. 
Copper. 

C.A.    4-3"  D.ofC.      (J05"  C.A.     55"         D.ofC.        O-Of^" 
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